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(57) ABSTRACT

The present disclosure generally relates to compositions and
methods simultaneous, multi-mode gene expression regula-
tion (e.g., simultaneous upregulation and down regulation of
multiple target genes). The present disclosure further relates
to novel constructs for engineered multiplex CRISPR arrays.
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F1G. 1t

dCas12a-VPR-mCherry CRISPR array

Integrated in genome

FlG. 1R

%GFP" cells
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CGCCAAACGTGCCCTGACGGT
SEQ ID NO: 31

CGCCAAACGTGCCCTGACGGG
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FIG. 16
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FIG. 1l
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FIG. 1L

Predicted secondary structure of

25— Dummy spacer + GFP gRNA
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Frequency

GC content of /27 naturally occuring Casl12a spacers

from 30 bacterial species

Average: 39% GC
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vmwwsssw

WWs

GTTTCA AAGA T-TAAAT Lachnospiraceae b.
GTCAAA-AGA--CCTTTTT Acidaminococcus. sp.
GTTTGAATAAC-CTTAAAT Eubacterium e.
GTCTAA-GAAC-TTTAAAT Francisella n./h.
GTCTAA-CGA--CCTTTTA Moraxella b./b.
CTCTAA-AGAG-AGGAAAG Leptospira i.
GCCTAT-AAGG-CTTTAGT Porphyromonas m.
GTCAAT-AAGA-CTCATT'T Prevotella d.
GTTGAG-ACTG-TAAGCGA Eubacteriumr.
GTCTAA-AGGC-CTTATAA Sedimentisphaera c.
GATTTGAAAGC-ATCTTTT Sneathia a.

Y

Full list (79 sequences from 30 species) in FIG. 4

F1G. 20
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F1G. 3F

107" —

5 0 107—
< O
Z 3
oo g
QD

I_
% i .

"0_4 i | |
107 107 107 107
Relative RNA level
(No separator)
400 - @
) .
< With AAAT separator @
Y 300 -
-
O
&
o 200 -
=
an
5 100 - @ Without separator
o
i
QD
2 O """" . T -+ r |
0 20 4() o0

% GFP+ cells



Patent Application Publication  Apr. 4, 2024 Sheet 16 of 30  US 2024/0110175 Al

FIG. 3H
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T, memmggianas  gevTToma SR CWHEPRERRRE e

GTTTAN-N-ANNNNNNNNN

GTCAAA-A-GA-CCTTTTT
GICAAA-A-GG-CCTTTTT
GTCTAA-G-ACTTAAAGAT
GTCTAA-G-ACTTAAAGTT
GTCTAA-G-ACTAAAGAAA
GITTTT-AGAACCTTAAAAT
GTTTT-AGAACC-TTAAAA
GTTTT-ATAACCTTAAAAA
GTCTT-AGAACC-TTAAAA
GTTTT-AGAACCTTTAAAA
GTCTAA-G-CCTTAGCTTA
GTTTGAAT-AACCTTAAAT
GTTTGAAT-AGCCTTAAAT
GTTTGAAT-AATCTTAAAT
GTTGA-G-ACTGTAAGCGA
GITTGA-A-ACTGTAAGCGG
GTCGA-A-ACTGTAAGCGA
GTTAA-A-ACTGTAAACGG
GTTGA-A-ACCGTAAGCGG
GITGA-A-ACTGTAAAGAA
GTTGA-A-ACTGTAAGAAA
GTTGA-A-ACTGTGAGAAA
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-lG. & Conf.

GTTAA-G-ACTGC-AAGGA
GTTAA-A-ACTGTAAGCGG
ATTGA-A-ACTGT-AAAGA
GTCTGAA-ACTGTAAACGG
GITTGA-A-GCTGTAAGCAA
GTTGA-A-TCTGT-ACGGA
CCTGAG-A-TTGTAAGTGA
GTTGG-G-ACTGTGAGCCA
GTTGA-T-ACTGTGAGCGG
GTTGA-A-ACTGTTAGGGG
GTAGA-C-GATGA-AGCGA
ATTGA-GG-CCGTAAGCAA
GTTTA-A-AACCACTTTAA
GTCTAA-G-AACTTTAAAT
GI'TTCA-A-AGAT-TAAAT
CICTAA-T-AGGAGATATG
CGCTAA-T-AGGAGATATG
CI'TTCA-A-AG-ATTGAAG
CTCTAA-T-AAGAGATATG
TTTTAA-A-AG-ATTGAAA
AGCTAG-A-ACATTTAAAA

TGCTTAGA-ACATITTAAAG
GTTAAA-T-AATAAGAAAG

GITAAA-T-AATAAGAAAA
ATAAAA-T-AATAAGAAAG
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FlG. & Conf.

CTCTAA-A-GAGAGGAAAG
CCCTAC-A-TAAACCCTAT
GGCTAC-A-TAAAGCCTGT
TGCTAC-A-TAAAGCCTGT
GGCTA-CT-TAAAGCCTAT
GTCTAA-C-GA-CCTTTTA
CTCAAA----ACTCATTCG
GITCTAA-C-GA-CCTTCTA
GTTTAA-A-AGTCCTATTG
GCCAAA-T-ACCTCTATAA
GTCTAG-G-TACTCTCTTT
GTCAAT-A-AGACTCATTT
ATCAAT-A-AGACTCATTT
GCCTAT-A-AGGCTTTAGT
AGCTAT-A-AGGCTTTAGT
TGCTAT-A-AGGCTTTAGT
GCCTAT-A-AGGCTTCAGT
GCTTAG-A-ACCTTTAAAT
GCTTAA-T-CAACCCTTAG
GTITTAA-T-CAACCCTTAG
GI'TTAA-T-AATCCTTTAG

GATTTGAA-AGCATCTTTT
TATTTGAA-AGCATCTTTT

AATTTGAA-AGCATCTTTT
AGTTTGAA-AGCATATTTT
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FlG. 4 Cont.

GATTTGAA-AGCATATTTT 18
TAT T TGGA-AGCACATITITT 18
CATTTGGA-AGCATATTTT 18
AATTTGGA-AGCACATTTT 18
TGT' T TGGA-AGCATATITITT 18
GTCTAA-A-GGCCITATAA 17
GTCCAA-A-GGACGGATTA 17
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COMPOSITION AND METHOD FOR
HIGH-MULTIPLEXED GENOME
ENGINEERING USING SYNTHETIC CRISPR
ARRAYS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 63/139,093, filed Jan. 19, 2021, the
disclosure of which 1s incorporated by reference herein in 1ts
entirety, including any drawings.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to compo-
sitions and methods simultaneous, multi-mode gene expres-
sion regulation (e.g., simultaneous upregulation and down
regulation of multiple target genes). The present disclosure

turther relates to novel constructs for engineered multiplex
CRISPR arrays.

BACKGROUND

[0003] Most complex cell behaviors are regulated by the
coordinated action of many genes. For example, precise cell
identity engineering often requires co-expression of multiple
transcription factors in the same cells. The ability to efli-
ciently up-regulate a set of genes while down-regulating
another set of genes also determines the successtul outcome
of cell reprogramming and cell therapy. One long-term goal
in biology 1s the ability to control cell identity and behavior
with high precision and high throughput. To reach this goal,
one prerequisite will be the ability to control expression of
many genes at the same time, with each gene activated or
silenced 1n parallel.

[0004] Past work has shown some capability to either
up-regulate or down-regulate a few genes, typically limited
to about 3-4 genes, at a time. Some examples include
introduction of expression vectors carrying cDNA for each
gene ol interest where each ¢cDNA 1s encoded on 1ts own
plasmid; gene repression using RNA interference; gene
knockout using gene-editing tools such as CRISPR/Cas,
TALENSs or Zinc-finger nucleases; or gene activation, inhi-
bition, or knockdown using modified versions of the
CRISPR/Cas system. However, none of these methods 1s
capable of simultaneously regulating more than a handful of
genes 1n each cell. Further, there 1s no method for simulta-
neously activating and repressing many genes in the same
cells. Some methods use complementary DNA (cDNAs) to
overexpress a few genes while using CRISPR gene knock-
out or RNA1 knockdown to silence a few genes. It 1s highly
labor intensive and unsuitable for large-scale cell engineer-
ing-based therapy or 1n vivo gene therapy.

[0005] The compositions and methods described herein
enable use of a compact single CRISPR array to control
many genes (€.g., 30 or more genes at one time) for multiple
modes of genome engineering (e.g., simultaneous up- and
down-regulation) 1n the same cells, using a minimal amount
ol molecular compositions.

BRIEF SUMMARY

[0006] Provided herein, among others, are engineered
multiplex Cluster Regularly Interspaced Short Palindromic
Repeat (CRISPR) arrays. In some embodiments, an engi-
neered multiplex CRISPR) arrays provided herein com-
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prises more than one CRISPR RNA (crRNA). In some
embodiments, each of the more than one crRNAs comprises
a repeat sequence and a spacer. In some embodiments, the
spacer 1s configured to hybridize to a specific target nucleic
acid of a plurality of target nucleic acids. In other embodi-
ments, the repeat sequence 1n each of the more than one
crRNAs 1s preceded by a separator sequence.

[0007] In some embodiments, at least a portion of the
more than one crRINAs comprise a Casl2a repeat sequence.
In some embodiments, the engineered multiplex CRISPR
array 1s capable of upregulating the expression of the
plurality of target nucleic acids simultaneously.

[0008] Inother embodiments, at least a portion of the more
than one crRNAs comprise a Cas13 repeat sequence. In such
embodiments, the engineered multiplex CRISPR array 1is
capable of downregulating the expression of the plurality of
target nucleic acids simultaneously.

[0009] In still other embodiments, at least a portion of the
more than one crRNAs comprise a Casl2a repeat sequence
and at least a portion of the more than one crRNAs comprise
a Casl3 repeat sequence. In those embodiments, the engi-
neered multiplex CRISPR array 1s capable of upregulating
and downregulating the expression of the plurality of target
nucleic acids simultaneously. In some embodiments, the
plurality of target nucleic acids comprises at least 4 different
target nucleic acids. And 1n certain embodiments, the Cas13
protein comprises a Casl3d protein and a Casl3b protein.

[0010] In some embodiments, the average length of the
crRINA of the engineered multiplex CRISPR arrays provided
herein 1s about 30 to about 70 nucleotides. In certain
embodiments, the average length of the crRNA 1s about 50
nucleotides.

[0011] In some embodiments, the separator sequence of
the engineered multiplex CRISPR arrays provided herein
comprises an Al-rich sequence. In some embodiments, the
separator sequence 1s about 3 to about 8 nucleotides 1n
length.

[0012] In some embodiments, the plurality of target
nucleic acids described herein are RNAs. In other embodi-
ments, the plurality of target nucleic acids described herein

are double-stranded DNAs (dsDNAs).

[0013] Further provided herein are nucleic acids encoding
the engineered multiplex CRISPR arrays described herein.
[0014] Additionally, the present disclosure also provides
vectors comprising the nucleic acids. In some embodiments,
the vectors provided herein turther comprises a promoter. In
some embodiments, the promoter comprises a polymerase 11
promoter. In certain embodiments, the polymerase II pro-
moter comprises a CAG promoter, an avPGK promoter, an
EF1a promoter, and a SFFV promoter.

[0015] In other embodiments, the vectors provided herein
turther comprises a reporter gene. In some embodiments, the
reporter gene comprises BFP, GFP, and mCherry.

[0016] In some embodiments, the vectors provided herein
comprises a lentiviral vector, Adeno-associated viral vector,
and piggyBac vector.

[0017] Also provided herein, among other, 1s a method of
making a collection of engineered multiplex CRISPR arrays
of the present disclosure. In some embodiments, the method
of making a collection of engineered multiplex CRISPR
arrays comprises providing more than one crRNAs, wherein
cach of the more than one crRNAs comprises a 5' oligo-
nucleotide overhang and a 3' oligonucleotide overhang con-
figured to hybridize to each other; wherein each of the more
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than one crRNAs comprises a repeat sequence and a spacer,
wherein the spacer 1s configured to hybridize to a specific
target nucleic acid of a plurality of target nucleic acids, and
wherein the repeat sequence 1n each of the more than one
crRNAs 1s preceded by a separator sequence. In other
embodiments, the method of making a collection of engi-
neered multiplex CRISPR arrays further comprises ran-
domly hybridizing the more than one crRINAs to generate
the collection of the engineered multiplex CRISPR arrays.
[0018] In some embodiments, the repeat sequences in the
more than one crRNAs comprise Casl2a repeat sequence, a
Casl3 repeat sequence, or both Casl2a and Casl3 repeat
sequences. In certain embodiments, the Casl3 repeat
sequence comprises a Cas13d repeat sequence and a Casl3b
repeat sequence. In some embodiments, the collection of the
engineered multiplex CRISPR arrays 1s capable of upregu-
lating and downregulating the expression of the plurality of
target nucleic acids simultaneously. In certain embodiments,
the plurality of target nucleic acids comprises at least 4
different target nucleic acids.

[0019] In some embodiments, the average length of the
crRNA 1s about 30 to about 70 nucleotides. In certain
embodiments, the average length of the crRNA 15 about 50
nucleotides. In other embodiments, the spacer comprises an
A or an T at the 3' end.

[0020] In some embodiments, the separator sequence
comprises an Al-rich linker sequence. In certain embodi-
ments, the separator sequence 1s about 3 to about 8 nucleo-
tides 1n length.

[0021] In some embodiments, the method further com-
prises 1dentifying the collection of engineered multiplex
CRISPR arrays having a desired length.

[0022] In additional embodiments, the method of making
a collection of engineered multiplex CRISPR arrays further
comprises inserting the collection of the engineered multi-
plex CRISPR arrays into a vector. In some embodiments, the
vector comprises a eukaryotic expression vector.

[0023] In other embodiments, the method of making a
collection of engineered multiplex CRISPR arrays further
comprises delivering the collection of the engineered mul-
tiplex CRISPR arrays into host cells. In some embodiments,
the host cells express the more than one Cas proteins.

[0024] In yet other embodiments, the method of making a
collection of engineered multiplex CRISPR arrays further
comprises screening for the collection of engineered multi-
plex CRISPR arrays with a desired phenotype. In some
embodiments, the screening comprises isolating the host
cells exhibiting the desired phenotype. In some embodi-
ments, the screening further comprises sequencing the engi-
neered multiplex CRISPR array expressed by the isolated
host cells. In certain embodiments, the desired phenotype
comprises controlled stem cell differentiation, controlled
killing of tumor cells, and enhanced cell proliferation,
increased T-cell activity level, and modified metabolic activ-
ity.

[0025] The present disclosure further provides a method
for simultaneous upregulation of multiple endogenous
genes, comprising contacting a host cell with the engineered
multiplex CRISPR array described herein, wherein the more
than one crRNAs comprise Casl2a repeat sequences and
spacers configured to hybridize to a plurality of target
nucleic acids.

[0026] In other embodiments, the present disclosure pro-
vides a method for stmultaneous downregulation of multiple
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endogenous genes, comprising contacting a host cell with
the engineered multiplex CRISPR array described herein,
wherein the more than one crRNAs comprise Casl3 repeat
sequences and spacers configured to hybridize to a plurality
of target nucleic acids.

[0027] In further embodiments, the present disclosure
provides a method for simultaneous upregulation and down-
regulation ol multiple endogenous genes, comprising con-
tacting a host cell with the engineered multiplex CRISPR
array described herein, wherein the more than one crRNAs
comprise both Casl2a and Casl3 repeat sequences and
spacers configured to hybridize to a plurality of target
nucleic acids.

[0028] In other embodiments of the present disclosure, the
host cell expresses Cas12a proteins, Casl3 proteins, or both
Casl2a proteins and Casl3 proteins.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

[0029] FIGS. 1A-1M show that high spacer GC content

negatively influences performance of the subsequent crRNA
in a CRISPR array. FIG. 1A 1s an exemplary illustration of
the CRISPR-Cas12a operon, which consists of a number of
Cas genes and a CRISPR array (shown to scale) that can be
transcribed as a single transcript. FIG. 1B 1s an exemplary
illustration of a Casl2a array as it occurs naturally 1n
bacteria, showing that each crRNA consists of a repeat and
a spacer. Prior to crRNA processing, repeats contain a
~14-18 nt fragment, which get excised by Casl2a and an
unknown enzyme. This illustration highlights a gene frag-
ment that separates each crRNA, which 1s denoted as a
“CRISPR separator” (or “separator”). FIG. 1C 1s an exem-
plary illustration of the most commonly used CRISPR array
design for use in mammalian cells. This design has omaitted
the separator because 1ts function has not been known. FIG.
1D 1s an exemplary illustration of CRISPR arrays consisting
of two crRNAs. The first crRNA contains a non-targeting
spacer. The second cRNA’s spacer targets the promoter of
GFP, which 1s genomically integrated in HEK293T cells.
FIG. 1E 1s an exemplary illustration of arrays and dCas12a-
VPR which were transiected in HEK293T cells, and GFP
fluorescence was analyzed as a measure of array perfor-
mance. FIG. 1F shows the percentage of GFP positive cells
for two spacers, along with theiwr sequences, CGC-
CAAACGTGCCCTGACGGT (SEQ ID NO: 31) and CGC-
CAAACGTGCCCTGACGGG (SEQ ID NO: 32), showing
that the arrays display hypersensitivity to the identity of the
last base of the spacer. Replacing the last nucleotide from a
T to a G leads to an almost complete failure of transiected
cells to activate GFP expression. FIG. 1G shows the percent
of GFP positive cells for generated arrays where the first
crRNA contains one of 51 nonsense, non-targeting spacers
with varying GC content. A strong negative correlation 1s
seen between the GC content of the spacer and GFP tluo-
rescence. (Each dot corresponds to one of the 51 CRISPR
arrays and represents the average of triplicate experiments).
Arrays were divided into three groups, Low GFP, Medium
GFP, and High GFP, based on the level of GFP fluorescence
they enabled. FIG. 1H shows the average GC content of a
sliding 5-nt window calculated for the groups of FIG. 1G.
This graph shows that the best-performing arrays were the
ones where the spacer happened to have low GC content at
its 3' end. Some arrays showed unexpectedly high (as shown

in FIG. 11) or low (as shown in FIG. 11) GFP activity for the
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GC content of their spacers. These arrays happened to
contain particularly low (as shown in FIG. 11) or high (as
shown 1n FIG. 1J) GC content at the very 3' end of their
spacers. This suggested that the GC content of the last few
bases 1s an important predictor of array performance 1n this
experiment. FIG. 1K shows the predictive power (R*) of
knowing the GC content of 3-nt regions of the spacer. As
shown, simply knowing the GC content of the last 3 bases
ol the upstream spacer was more predictive of array pertor-
mance compared to knowing the GC content of the entire
spacer. Shaded regions in FIGS. 1G-11 represent standard
error for those spacers. FIG. 1L shows the relationship
between GC content of 51 non-targeting dummy spacers and
the secondary structures they are predicted to form with the
GFP-targeting gRNA (the larger the value on the y-axis, the
more stable the predicted secondary structure). FIG. 1M
shows that the predicted secondary structure formation 1s
anticorrelated with performance of the GFP-targeting
spacer, suggesting that strong secondary structures 1s what
impedes array performance.

[0030] FIGS. 2A-2C show that CRISPR separators con-
tain a region with conserved low GC content. FIG. 2A shows
the GC content of 727 naturally occurring Casl2a spacers
from 30 bacterial species. As shown, naturally occurring
CRISPR-Casl2a arrays show no conspicuous depletion of
spacers with high GC content. FIG. 2B 1s an exemplary
illustration of a portion of Casl2a CRISPR arrays, with
graphs showing the sliding average GC content for 727
naturally occurring Casl2a spacers (left graph) and 79
Casl2a separators (right graph). The naturally occurring
spacers do not show low GC content at theiwr 3' ends.
However, the separator sequences of these crRINAs have low
GC content. This 1s seen also 1n a multiple-sequence align-
ment of separator sequences (as shown in FIG. 2C). This
suggests that the purpose of the CRISPR separator 1s to act
as an insulator between adjacent crRNAs 1n a CRISPR-
Casl2a array.

[0031] FIGS. 3A-31 show that the introduction of a short,
artificial separator between crRNAs improves performance
of Casl2a arrays in human cells. FIGS. 3A-3B are exem-
plary illustrations of Casl2a arrays (FIG. 3A) and an arti-
ficial separator (FIG. 3B). Fifteen vanants of a 2-crRNA
array were tested. Each array contained an artificial separa-
tor (G, T, AT, AAT, or AAAT), and the GC content of the
spacer was 30%, 50%, or 70%. FIG. 3C shows the percent-
age of GFP positive cells for spacers with GC content of
30%, 50%, and 70%. In each case, array performance was
improved the more AT nucleotides were added. FIG. 3D 1s
an exemplary illustration of a 7-cCRNA array that was

—

designed to activate seven endogenous genes i1 HEK2931
cells and either included or omitted the artificial AAAT
separator between each crRNA. FIG. 3E shows relative
RNA level compared to control gene RPL13A for several
target genes. For all target genes, the AAAT separator
improved target gene activation level, as measured by R1-
qPCR. The improvement was consistent (1.1 to 8.0 fold) for
all seven genes (as shown in FIG. 3F). FIG. 3G shows
median GFP fluorescence showing that the improvement
was also seen on the protein level for the target gene GFEP,
as measured by GFP fluorescence and percent GFP-positive
cells. FIG. 3H shows that short, artificial separators derived
from multiple bacterial species can rescue poor GFP acti-
vation caused by a non-permissive non-targeting dummy
spacer upstream of the targeting spacer in a CRISPR array.
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FIG. 31 shows that the enhanced Casl2a protemn from
Acidaminococcus species 1s also sensitive to GC content of
an upstream non-targeting dummy spacer and that 1ts per-
formance can be rescued using a TTTT synSeparator derived
from 1ts natural separator.

[0032] FIG. 4 shows a multiple-sequence alignment of 79
separators from 30 bacterial species. A partial sequence
alignment 1s shown i FIG. 2C.

[0033] FIG. 5 shows an exemplary 1llustration of a Casl2a
CRISPR array.
[0034] FIG. 6 1s an exemplary, non-limiting illustration of

the major steps of the method of making a collection of
engineered multiplex CRISPR arrays provided herein.

[0035] FIGS. 7A-7D show exemplary designs of hybnd
engineered multiplex CRISPR arrays described herein.
FIGS. 7A and 7B show examples of hybrid engineered
multiplex CRISPR arrays as described herein. FIG. 7C
shows an example of a CRISPR Casl2a/Casl3d hybrid
array consisting of two Cas13d gRINAs whose spacers target
GFP mRNA for destruction and GFP downregulation, and
one Casl2a gRNA whose spacer targets the CD9 gene for
upregulation. This array was transiected into HEK293T cells
constitutively expressing GFP, and was co-transiected with
the dCasl2Za-mmiVPR activator and/or Casl3d. The plot
represents tlow cytometry data of cells stained with an
APC-conjugated CD9-targeting antibody, and shows that
cells transfected with both Cas proteins simultaneously
downregulate GFP and upregulate CD9 compared to non-
transiected control cells. FIG. 7D shows 5 different designs
of CRISPR Casl2a/Casl3d hybnid arrays, all of which
demonstrate simultaneous upregulation of the Casl2a target
gene CD9 and downregulation of the Casl3d target gene
GFP, as demonstrated by flow cytometry readout of cells
stained with an APC-conjugated CD9-targeting antibody.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(Ll

[0036] The present disclosure provides an optimized
design of CRISPR arrays that enable simultaneous, multi-
mode gene expression regulation (e.g., simultaneous
upregulation and down regulation of multiple target genes).
In some embodiments, the present disclosure demonstrates
that incorporating a short, Al-rich separator sequence
between each CRISPR-RNA (crRNA) 1mn a CRISPR array
improves the performance of the engineered multiplex
CRISPR array. In some embodiments, the present disclosure
provides a novel design for a hybrid CRISPR array com-
prising crRNAs for multiple Cas proteins, such as, but not
limited to, Casl2a and Casl3. In some embodiments, the
hybrid engineered multiplex CRISPR arrays enable simul-
taneous upregulation and downregulation of multiple target
genes using a single CRISPR array.

I. Definitions

e AR 4 4

[0037] As used herein, the singular forms “a,” “an,” and
“the” include both singular and plural referents unless the
context clearly dictates otherwise.

[0038] The term “optional” or “optionally” means that the
subsequent described event, circumstance or substituent
may or may not occur, and that the description includes
instances where the event or circumstance occurs and
instances where 1t does not.
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[0039] Where a range of values 1s provided, 1t 1s under-
stood that each intervening value, to the tenth of the unit of
the lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any
other stated or intervening value in that stated range, is
encompassed within the disclosure. The upper and lower
limits of these smaller ranges may independently be
included in the smaller ranges, and are also encompassed
within the disclosure, subject to any specifically excluded
limit 1n the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those
included limits are also included 1n the disclosure.

[0040] Certain ranges are presented herein with numerical
values being preceded by the term ““about.” The term
“about” 1s used herein to provide literal support for the exact
number that 1t precedes, as well as a number that 1s near to
or approximately the number that the term precedes, such as
variations of +/-10% or less, +/-1-5% or less, +/—1% or less,
and +/-0.1% or less from the specified value. In determining
whether a number 1s near to or approximately a specifically
recited number, the near or approximating unrecited number
may be a number which, 1in the context in which 1t 1s
presented, provides the substantial equivalent of the specifi-
cally recited number.

[0041] The terms “subject” and “individual” are used
interchangeably herein to refer to a vertebrate, preferably a
mammal, more preferably a human. In some cases, a subject
1s a patient. Mammals include, but are not limited to,
murines, simians, humans, farm animals, sport animals, and
pets. Tissues, cells and their progeny of a biological entity
obtained 1n vivo or cultured 1n vitro are also encompassed.
[0042] It 1s appreciated that certain features of the disclo-
sure, which are, for clanty, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
disclosure, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or 1n
any suitable sub-combination. All combinations of the
embodiments pertaining to the disclosure are specifically
embraced by the present disclosure and are disclosed herein
just as 1f each and every combination was individually and
explicitly disclosed. In addition, all sub-combinations of the
various embodiments and elements thereot are also specifi-
cally embraced by the present disclosure and are disclosed
herein just as 1f each and every such sub-combination was
individually and explicitly disclosed herein.

[0043] All publications, published patent documents, and
patent applications cited herein are hereby incorporated by
reference to the same extent as though each individual
publication, published patent document, or patent applica-
tion was specifically and individually indicated as being
incorporated by reference.

II. Compositions

Engineered Multiplex CRISPR Array

[0044] In some embodiments, the present disclosure pro-
vides an engineered multiplex Clustered Regularly Inter-
spaced Short Palindromic Repeat (CRISPR) array. In some
embodiments, the engineered multiplex CRISPR array com-
prises more than one CRISPR RNAs (crRNAs). In some
embodiments, the more than one crRNAs are arranged 1n
tandem, 1.e., located immediately adjacent to one another on
a CRISPR array. In some embodiments, each of the crRNAs
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comprises a repeat sequence and a spacer. In some embodi-
ments, the repeat sequence 1n the each of the crRNAs 1s
immediately preceded by a separator sequence. An exem-
plary engineered multiplex CRISPR array is illustrated in
FIG. 5. Each of the components 1s described herein.

[0045] The engineered multiplex CRISPR array provided
herein can comprise any number of crRNAs as needed. In
some embodiments, the engineered multiplex CRISPR array
provided herein comprises 2-10 crRNAs. In some embodi-
ments, the engineered multiplex CRISPR array provided
herein comprises 4 or more crRNAs. In some embodiments,
the engineered multiplex CRISPR array provided herein
comprises S5 or more crRNAs. In some embodiments, the
engineered multiplex CRISPR array provided herein com-
prises 6 or more crRNAs. In some embodiments, the engi-
neered multiplex CRISPR array provided herein comprises
7 or more crRNAs. In some embodiments, the engineered
multiplex CRISPR array provided herein comprises 8 or
more crRNAs. In some embodiments, the engineered mul-
tiplex CRISPR array provided herein comprises 9 or more
crRNAs. In some embodiments, the engineered multiplex
CRISPR array provided herein comprises 10 or more crR-
NAs. In other embodiments, the engineered multiplex
CRISPR array provided herein comprises more than 10
crRNAs. In some embodiments, the engineered multiplex
CRISPR array provided herein comprises about 10 to about
100 crRNAs. In other embodiments, the engineered multi-
plex CRISPR array provided herein comprises more than

about 100 crRNAs.

[0046] As used herein, the term “CRISPR RNA” or
“crRNA” refers to a guide RNA (gRNA) molecule having a
synthetic sequence and typically comprising two sequence
components: a spacer sequence and a gRNA scatlold
sequence (also called a “repeat sequence”). These two
sequence components can be 1n a single RNA molecule or 1n
a double-RNA molecule configuration (also known as a
duplex guide RNA that comprises both a CRISPR RNA
(crRNA) and a trans-activating crRNA (tracrRNA)). In
some 1nstances, a gRNA can have a crRNA component only
(without a tracrRNA), for example, gRNAs that work with
Casl2a (also known as Cpifl)). In some embodiments, a
CRISPR associate protein as described herein may utilize a
guide nucleic acid comprising DNA, RNA or a combination
of DNA and RNA. The term “guide nucleic acid” is inclu-
s1ve, referring both to double-molecule guides and to single-
molecule guides.

[0047] As used herein, a CRISPR associated (*“Cas”)
nuclease refers to a protein encoded by a gene generally
coupled, associated or close to or in the vicinity of flanking
CRISPR loci, and further capable of introducing a double
strand break into a target nucleic acid sequence (e.g., RNA
or DNA). The terms “Cas nuclease” and “Cas protein” are
used interchangeably herein. In some embodiments, a Cas
protein 1s guided by a guide polynucleotide to recognize and
introduce a double strand break at a specific target site into
the genome of a cell. Upon recognition of a target sequence
by a CRISPR RNA (also called crRNA), a Cas protein
unwinds the DNA duplex in close proximity of the target
sequence and cleaves both DNA strands or a target RNA
strand, but only 1f the correct protospacer-adjacent motif
(PAM) 1s approximately oriented at the 3' end of the target
sequence.

[0048] In some embodiments, the Cas protein 1s a Cas12a.
Casl2a 1s an RNA-programmable DNA endonuclease.
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Casl2a has intrinsic RNase activity that allows processing
of 1ts own crRNA array, enabling multigene editing from a
single RNA transcript. Typically, a Casl2a nuclease binds
double-stranded DNAs (dsDNA). In some embodiments, the
Casl2a endonuclease 1s from Lachnrospiraceae bacterium,
Acidaminococcus sp. or Francisella tularensis subsp. novi-

cida. One exemplary 1llustration of a Cas12a CRISPR array
1s shown 1n FIG. 5.

[0049] In other embodiments, the Cas protein encom-
passed herein comprises Casl3 nucleases. The diverse
Cas13 family contains at least four known subtypes, includ-
ing Casl3a (formerly C2c2), Casl3b, Casl3c, and Cas13d.
Typically, Casl3 proteins use a ~64-nt guide RNA to encode
target specificity. The Casl3 protein complexes with the
crRNA (1.e., a Casl3 repeat sequence) via recognition of a
short hairpin in the crRNA, and target specificity 1s encoded
by a 28 to 30 nucleotides long spacer that 1s complementary
to the target region. In addition to programmable RNase
activity, all Casl3s exhibit collateral activity after recogni-
tion and cleavage of a target transcript, leading to non-
specific degradation of any nearby transcripts regardless of
complementarity to the spacer. In some embodiments, a
Cas13 protein can programmatically bind and cleave endog-
enous RNA. In certain embodiments, the Casl3 nuclease
comprises a Casl3d nuclease and/or a Cas13b nuclease. In
some embodiments, the Cas13b endonuclease 1s from Por-
phyromonas gulae or Prevotella sp. In some embodiments,
the Casl3d endonuclease 1s from Ruminococcus flavefa-
ciens.

[0050] In certain embodiments, the Cas protein 1s a deac-
tivated Cas protein. As used herein, a “deactivated Cas
protein” (dCas) refers to a nuclease comprising a domain
that retains the ability to bind 1ts target nucleic acid but has
a diminished, or eliminated, ability to cleave a nucleic acid
molecule, as compared to a control nuclease. In certain
embodiments, a catalytically inactive nuclease 1s derived
from a “wild type” Cas protein. As used herein, a “wild
type” nuclease refers to a naturally-occurring nuclease. In
some embodiments, the catalytically inactive nuclease 1s a
catalytically inactive Casl2a. In some embodiments, the
catalytically mnactive Casl2a produces a nick in the targeting
strand. In some embodiments, the catalytically inactive
Casl2a produces a nick in the nontargeting strand. In some
embodiments, the catalytically inactive Cptl, known as dead
Casl2a (dCasl2a), lacks all DNase activity. In some
embodiments, the catalytically inactive Casl2a 1s a dCasl2a
endonuclease from Acidaminococcus sp. BV3L6 or Lachno-
spiraceae bacterium or Francisella tularensis subsp. novi-
cida.

[0051] In some embodiments, the average length of each
of the one or more crRNAs 1s about 20 to about 200
nucleotides long. In some embodiments, the average length
ol each of the one or more crRNAs 1s about 30 to about 100
nucleotides long. In some embodiments, the average length
ol each of the one or more crRNAs 1s about 30 to about 70
nucleotides long. In some embodiments, the average length
ol each of the one or more crRNAs 1s about 35 to about 65
nucleotides long. In some embodiments, the average length
of each of the one or more crRNAs 1s about 40 to about 60
nucleotides long. In some embodiments, the average length
of each of the one or more crRNAs 1s about 45 to about 55
nucleotides long. In certain embodiments, the average length
of the crRNA 1s about 30 nucleotides long.
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[0052] In some embodiments, each crRNA comprises a
repeat sequence. In some embodiments, the repeat sequence
1s about 8-30 nucleotides long. In some embodiments, the
repeat sequence 1s about 10-25 nucleotides long. In some
embodiments, the repeat sequence 1s about 12-22 nucleo-
tides long. In some embodiments, the repeat sequence 1s
about 14-20 nucleotides long. In some embodiments, the
repeat sequence 1s about 14-18 nucleotides long.

[0053] In some embodiments, the repeat sequence 1s 1den-
tical for all crRNAs in the engineered multiplex CRISPR

il

array. In other embodiments, the repeat sequences are dii-
terent for all crRNAs 1n the engineered multiplex CRISPR
array. In some embodiments, the engineered multiplex
CRISPR arrays comprising different repeat sequences are

called hybrid CRISPR arrays, or hybrid arrays for short.

[0054] The engineered multiplex CRISPR array provided
herein can be used with any natural or modified versions of
the CRISPR/Cas system, such as the first generation of
dCas9-based CRISPR interference (CRISPR1) and CRISPR
activation (CRISPRa) (CRISPRi/a, collectively). The vari-
ous CRISPR/Cas system can be used to up- and downregu-
late endogenous genes. The currently available systems of
methods have major limitations. For example, the users must
choose whether to upregulate or downregulate genes. How-
ever, the users cannot choose to do both at the same time,
unless they use two separate plasmids to express the guide-
RNAs meant for upregulation or downregulation, respec-
tively. However, using multiple plasmids 1s problematic as 1t
1s not possible to ensure that every cell takes up both
plasmids, especially not at desired stoichiometric ratios. For
at least this reason, the novel compositions and methods
described herein provides a new generation of CRISPR1/a,
collectively, which expands the capabilities in terms of

throughput, multiplexing, and modes of control on the
CRISPRY/a side.

[0055] In some embodiments, at least a portion of the
more than one crRNAs comprise a Casl2a repeat sequence.
An example of a naturally occurring Cas12a repeat sequence
from Lachnospiraceae bacterium comprises AATTTC-
TACTAAGTGTAGAT (SEQ ID NO: 1). Another example
of a naturally occurring Casl2a repeat sequence from
Acidaminococcus sp. repeat sequence comprises AATTTC-
TACTCTTGTAGAT (SEQ ID NO: 112). The engineered
multiplex CRISPR arrays provided herein can also be used
with other subclasses of Casl2. In some embodiments,
subclasses of Casl2, such as, without being limited to,
Casl2a, Casl2b, Casl2c, Casl2d, Casl2e, Casl2i, Casl2g,
Cas12h, and Casl121, are also contemplated herein. Accord-
ingly, the naturally occurring and/or artificial repeat
sequences for the subclasses of Cas12 are also encompassed
by the present disclosure. Further, the engineered multiplex
CRISPR arrays provided herein can be compatible with
other known or new Cas12 orthologs, which are also encom-
passed herein.

[0056] In other embodiments, at least a portion of the more
than one crRINAs comprise a Casl3 repeat sequence. An

example of a naturally occurring Casl3 repeat sequence
comprises CAAGTAAACCCCTAC-

CAACTGGTCGGGGTTTGAAAC (SEQ ID NO: 2). In
some embodiments, at least a portion of the more than one
crRNAs comprise a Casl2a repeat sequence and at least a
portion of the more than one crRNAs comprise a Casl3
repeat sequence. In some embodiments, the Casl3 protein
comprises a Casl3d protein and a Casl3b protein.
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[0057] In some embodiments, at least a portion of the
more than one crRNAs comprise a Casl2a repeat sequence
and at least a portion of the more than one crRNAs comprise
a Casl13 repeat sequence. In certain embodiments, at least a
portion of the more than one crRNAs comprise a Casl2a
repeat sequence and at least a portion of the more than one
crRNAs comprise a Casl3b repeat sequence. In other
embodiments, at least a portion of the more than one
crRNAs comprise a Casl2a repeat sequence and at least a
portion of the more than one crRNAs comprise a Casl3d
repeat sequence.

[0058] In some embodiments, the crRNAs comprising
different Cas proteins are presented 1n the same construct.
These hybrid CRISPR arrays provided herein, for example,
the hybrid CRISPR arrays encoding both Casl2a and Cas13
(e.g., Casl3d and/or Casl3b) crRNAs, solve the limitations
of currently available methods mentioned above. Specifi-
cally, in some embodiments, the hybrid engineered multi-
plex CRISPR array provided herein enables simultaneous
upregulation and downregulation of multiple genes using a
single construct in the same cell, such that every cell that
takes up this construct will up- and down-regulate the same
set of genes as all other cells.

[0059] In some embodiments, each crRNA further com-
prises a spacer. Thus, in some embodiments, each of the
more than one crRNA in the engineered multiplex CRISPR
array comprises a repeat sequence and a spacer. In some
embodiments, the engineered multiplex CRISPR array pro-
vided herein comprises spacers configured to hybnidize to a
plurality of target nucleic acids. Specifically, in some
embodiments, the engineered multiplex CRISPR array pro-
vided herein comprises spacers comprising sequences that
are complementary to their respective target nucleic acid
sequences. The complementarity can be partial complemen-
tarity or complete (e.g., perfect) complementarity.

[0060] The terms “complementary” and “complementar-
ity” are used as they are in the art and refer to the natural
binding of nucleic acid sequences by base pairing. The
complementarity of two polynucleotide strands 1s achieved
by distinct interactions between nucleobases: adenine (A),
thymine (T) (uracil (U) in RNA), guanine (G), and cytosine
(C). Adenine and guanmine are purines, while thymine, cyto-
sine, and uracil are pyrimidines. Both types of molecules
complement each other and can only base pair with the
opposing type of nucleobase by hydrogen bonding. For
example, an adenine can only be efliciently paired with a
thymine (A=T) or a uracil (A=U), and a guanine can only be
clliciently paired with a cytosine (GC). The base comple-
ment A=T or A=U shares two hydrogen bonds, while the
base pair GC shares three hydrogen bonds. The two comple-
mentary strands are oriented 1n opposite directions, and they
are said to be antiparallel. For another example, the
sequence 5'-A-G-T 3' binds to the complementary sequence
3'-T-C-A-5". The degree of complementarity between two
strands may vary from complete (or perfect) complemen-
tarity to no complementarity. The degree of complementar-
ity between polynucleotide strands has significant effects on
the efliciency and strength of the hybridization between the
nucleic acid strands. In some embodiments, the polynucle-
otide probes provided herein comprise two pertectly
complementary strands of polynucleotides.

[0061] As used herein, the term “‘perfectly complemen-
tary” means that two strands of a double-stranded nucleic
acid are complementary to one another at 100% of the bases,
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with no overhangs on either end of either strand. For
example, two polynucleotides are perfectly complementary
to one another when both strands are the same length, e.g.
100 bp 1n length, and each base 1n one strand 1s comple-
mentary to a corresponding base 1n the “opposite” strand,
such that there are no overhangs on either the 5' or 3' end.

[0062] In some embodiments, each spacer 1s configured to
hybridize to a different target nucleic acid. In other embodi-
ments, at least a portion of the spacers in a CRISPR array
provided herein are configured to hybridize to the same
target nucleic acid, while other spacers are configured to
hybridize to different target nucleic acids.

[0063] In some embodiments, the spacer 1s about 10 to
about 40 nucleotides long. In some embodiments, the spacer
1s about 20 to about 35 nucleotides long. In some embodi-
ments, the spacer 1s about 10 to about 30 nucleotides long.
In some embodiments, the spacer 1s about 15 to about 25
nucleotides long. In some embodiments, the spacer 1s about
18 to about 28 nucleotides long. In certain embodiments, the
spacer 1s about 20 nucleotides long. In other embodiments,
the spacer 1s about 22 nucleotides long. In yet other embodi-
ments, the spacer 1s about 24 nucleotides long. In some
exemplary embodiments, a spacer for a Casl2 protein is
about 15-23 nucleotides long. In other exemplary embodi-
ments, a spacer for a Casl3 protein 1s about 23-30 nucleo-
tides long.

[0064] In some embodiments, a spacer sequence provided
herein 1s not naturally occurring. In some embodiments, the
spacer has a GC content of about 90% or lower. In some
embodiments, the spacer has a GC content of about 80% or
lower. In some embodiments, the spacer has a GC content of
about 20%-80%. In some embodiments, the spacer has a GC
content of about 30% to about 70%. In some embodiments,
the spacer has a GC content of about 40% to about 60%. In

other embodiments, the spacer has a GC content of about
50%.

[0065] In certain embodiments, the present disclosure
demonstrates that particularly permissive spacers, 1.€., spac-
ers that tend to allow the processing of the subsequent
crRNA, have a GC content that decreases toward the 3' end
of the spacer. In some embodiments, the spacers comprise
more than 2 As and/or Ts (A/T) 1n the last 5 bases at the 3
end. In some embodiments, the spacers comprise more than
3 A/T 1n the last S bases at the 3' end. In some embodiments,
the spacers comprise more than 4 A/T 1n the last 5 bases at
the 3' end. In some embodiments, the spacers of the present
disclosure comprise all As/Ts 1n the last 5 bases at the 3' end.
In some embodiments, the spacers of the present disclosure
comprise all As/Ts 1n the last 3 bases at the 3' end. In some
embodiments, the spacers of the present disclosure comprise
an A/T at the 3' end. In other embodiments, the present
disclosure demonstrates that particularly non-permissive
spacers have GC content higher toward the 3' end of the
spacer. In some embodiments, the spacer has a relatively
high average GC content, 1t still allows eflicient performance
of the subsequent crRNA 1f the GC content 1s low 1n the last
3-5 bases at its 3' end. Non-limiting exemplary sequences for
spacers used herein are provided 1n Table 2.

[0066] In some embodiments, the present disclosure dem-
onstrates that the spacers in a CRISPR array interfere with
the performance ol the crRNAs directly downstream of
them. In certain embodiments, the higher the GC content of
a spacer 1s, the more 1t negatively interferes with the
function of the subsequent crRNA. Thus, 1n some embodi-
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ments, an Al-rich separator sequence is inserted between
cach crRNA 1n the CRISPR arrays provided herein. Surpris-
ingly, 1t 1s found that the inclusion of such a separator
improves the performance of the engineered multiplex
CRISPR array (e.g., a Casl2a CRISPR array) and allows
more ellective CRISPR-upregulation (e.g., activation) of
target nucleic acids 1n host cells. In some embodiments, the
separator sequence acts as an insulator that reduces inter-
ference between adjacent crRNAs 1n an array. In some
embodiments, the performance of the engineered multiplex
CRISPR array, such as a Cas12a CRISPR array, 1s improved
by the addition of a separator sequence between crRNAs.
Furthermore, the present disclosure demonstrates that the
inclusion of an artificial separator sequence disclosed herein
removes the disruptive eflects of GC content of the upstream
spacer.

[0067] In some embodiments, the repeat sequence in the
crRNAs 1s immediately preceded by a separator sequence.
FIG. 1C 1s an exemplary illustration of a separator sequence.
Traditionally, this fragment i1s not strictly required. Typi-
cally, a Casl2a nuclease cannot excise the separator on 1ts
own. Therefore, a separator sequence 1s often omitted when
Casl2a arrays have been experimentally expressed 1n
cukaryotic cells, such as mammalian cells. In contrast, the
CRISPR arrays provided herein comprise a separator
sequence preceding the repeat sequence 1 each crRNA. In
some embodiments, the present disclosure demonstrates that
the separator could serve to insulate crRNAs from the
negative influence of secondary structure that might form in
spacers. In some embodiments, the crRNA 1ncluding the
preceding separator sequence 1s referred to as a pre-crRNA.,
For instance, in the natural bacternial setting, the repeat
sequence typically includes a short (e.g., about 16-about 18
nt) fragment which 1s subsequently excised and discarded
during CRISPR processing and maturation. The resulting
final crRNA typically consists of a post-processing repeat
and spacer. An exemplary 1llustration 1s provided 1n FIG. 1B.
In some embodiments, the excised repeat fragment, which 1s
denoted as a CRISPR separator or a separator, 1s cleaved 1n
its 3' end by a Cas protein (e.g., Casl2a), and 1n 1ts 5' end
by another enzyme (FIG. 1B).

[0068] In some embodiments, the separator sequence
comprises an Al-rich sequence. In some embodiments, the
separator sequence has an AT content of more than about
40%. In other embodiments, the separator sequence has an
AT content of more than about 50%. In some embodiments,
the separator sequence has an AT content of more than about
60%. In other embodiments, the separator sequence has an
AT content of more than about 70%. In some embodiments,
the separator sequence has an AT content of more than about
80%. In other embodiments, the separator sequence has an
AT content of more than about 90%. In certain embodi-
ments, the separator sequence has an AT content of about

100%.

[0069] In some embodiments, the separator sequence 1s
about 2 to about 15 nt in length. In some embodiments, the
separator sequence 1s about 3 to about 10 nt 1n length. In
some embodiments, the separator sequence 1s about 3 to
about 9 nt 1 length. In some embodiments, the separator
sequence 1s about 3 to about 8 nt i length. In some
embodiments, the separator sequence 1s 3, 4, 5, 6,7, or 8 nt

in length. Some non-limiting examples of the separator
sequences mnclude AAAT (SEQ ID NO: 3), TTATA (SEQ ID

NO: 4), ATTAA (SEQ ID NO: 5), TATAATT (SEQ ID NO:
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6), TTTT (SEQ ID NO: 114), TTTA (SEQ ID NO: 115), and
ATTT (SEQ ID NO: 116) (FIG. 3H). However, it 1s noted
that a skilled person 1n the art can optimize the length and
the sequence based on use.

[0070] In some embodiments, the engineered multiplex
CRISPR array 1s capable of binding to one or more target
nucleic acids. As used heremn, a “target nucleic acid
sequence” ol a CRISPR array refers to a sequence to which
a spacer sequence 1s designed to have complementarity,
where hybridization between a target nucleic acid sequence
and a spacer sequence promotes the formation of a CRISPR
complex.

[0071] The terms “nucleic acid” and “polynucleotide™ are
used interchangeably herein, and refer to both ribonucleic
acids (RNA) and deoxyribonucleic acids (DNA) molecules,
including nucleic acids comprising cDNA, genomic DNA,
and/or synthetic DNA, and DNA or RNA molecules con-
taining nucleic acid analogs. A nucleic acid can be double-
stranded or single-stranded (for example, a sense strand or
an antisense strand). Nucleic acids comprise the nucleotide
bases adenine (A), guamine (G), thymine (T), cytosine (C).
Uracil (U) replaces thymine in RNA molecules. The symbol
“N” can be used to represent any nucleotide base (e.g., A, G,
C, T, or U). A nucleic acid may contain unconventional or
modified nucleotides. The terms “polynucleotide sequence”
and “nucleic acid sequence’ as used herein interchangeably
refer to the sequence of a nucleic acid molecule. The
nomenclature for nucleotide bases set forth 1n 37 CFR

§1.822 1s used herein.

[0072] Insome embodiments, the target nucleic acid refers
to a nucleic acid of interest. For instance, in some embodi-
ments, the target nucleic acid refers to a nucleic acid being,
investigated. In some embodiments, the target nucleic acid
1s an endogenous gene. In specific embodiments, the target
nucleic acids comprise double-stranded DNAs (dsDNAs). In
other embodiments, the target nucleic acid 1s an RNA

molecule. In some embodiments, the target nucleic acids
comprise RNAs and DNAs.

[0073] Insome embodiments, the target nucleic acid refers
to a genomic site or DNA locus capable of being recognized
by and bound to a crRNA provided herein. An enzymatically
active crRNA-Cas complex would process such a target site
to result 1n a break at the CRISPR target site. In the case of
a deactivated Cas, a crRNA-dCas still recognizes and binds

a CRISPR target site without cutting the target nucleic acid
(e.g., DNA or RNA).

[0074] In some embodiments, the target nucleic acid 1s a
regulatory DNA element, such as but not limited to, a
promoter or an enhancer. In some embodiments, the target
nucleic acid 1s part of a gene sequence that can be tran-
scribed mto RNA. In some embodiments, the target nucleic
acid 1s part of a transcribed gene sequence that can be
translated into protein. In some embodiments, the target
nucleic acid comprises a transcription factor. In some
embodiments, the target nucleic acid 1s imnvolved 1n a patho-
logical pathway, such as but not limited to, cancer or an
immune disease. In some embodiments, the target nucleic
acid 1s mvolved 1 a biological pathway, such as but not
limited to, cell signaling, cell metabolism, aging, cell death,
angiogenesis, DNA repair, and stem cell differentiation.

[0075] In some embodiments, the engineered multiplex
CRISPR array are configured to target a plurality of target
nucleic acids simultaneously and the plurality of target
nucleic acids comprise RNAs. In some embodiments, the
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engineered multiplex CRISPR array are configured to target
a plurality of target nucleic acids simultaneously and the
plurality of target nucleic acids comprise DNAs. In some
embodiments, the engineered multiplex CRISPR array are
configured to target a plurality of target nucleic acids simul-
taneously and the plurality of target nucleic acids comprise

RNAs and DNAs.

[0076] In some embodiments, the engineered multiplex
CRISPR array 1s capable of upregulating the expression of
a plurality of target nucleic acids simultaneously. In other
embodiments, the engineered multiplex CRISPR array 1is
capable of downregulating the expression of the plurality of
target nucleic acids simultaneously. In some embodiments,
the engineered multiplex CRISPR array 1s capable of
upregulating and downregulating the expression of the plu-
rality of target nucleic acids simultaneously.

[0077] In some exemplary embodiments, an engineered
multiplex CRISPR array provided herein comprises a plu-
rality of crRNAs with Casl2a repeat sequences and 1s
capable of upregulating the expression of a plurality of target
nucleic acids (e.g., target dsDNAs) simultaneously.

[0078] In other exemplary embodiments, an engineered
multiplex CRISPR array provided herein comprises a plu-
rality of crRINAs with Cas13 (e.g., Cas13d or Cas13b) repeat
sequences and 1s capable of downregulating the expression
of a plurality of target nucleic acids (e.g., target RNASs)
simultaneously.

[0079] In yet other exemplary embodiments, an engi-
neered multiplex CRISPR array provided herein comprises
a plurality of crRNAs with Casl2a repeat sequences and a
plurality of crRINAs with Casl3 (e.g., Cas13d or Casl3b)
repeat sequences, and 1s capable of upregulating the expres-
sion of a plurality of target nucleic acids (e.g., target
dsDNAs) and downregulating the expression of a plurality
of target nucleic acids (e.g., target RN As) simultaneously. In
certain embodiments, the plurality of crRNAs with Casl2a
repeat sequences, Casl3 (e.g., Casl3d or Casl3b) repeat
sequences, or both, are comprised 1n a single construct.

[0080] In some embodiments, the CRISPR array provided
herein can target any number of nucleic acids. In some
embodiments, the CRISPR array provided herein can target
at least 4 different target nucleic acids. In some embodi-
ments, the CRISPR array provided herein can target at least
10 different target nucleic acids. In some embodiments, the
CRISPR array provided herein can target at least 15, at least
20, at least 235, at least 30 different target nucleic acids. In
some embodiments, the CRISPR array provided herein can
target at least 50 different target nucleic acids. In other
embodiments, the CRISPR array provided herein can target
at least 100 different target nucleic acids.

[0081] In some embodiments, the engineered multiplex
CRISPR array provided herein 1s a Casl2a array. In some
embodiments, the Casl2a array comprises a plurality of
crRNAs 1n tandem. In some embodiments, each of the
crRNAs 1n the Casl2a array comprises a Casl2a repeat
sequence and a spacer, 1n which each repeat sequence 1s a
Casl2a repeat sequence and each spacer 1s configured to
hybridize to a different target nucleic acid. In some embodi-
ments, each of the Casl2a repeat sequence 1s immediately
preceded by a separator described herein.

[0082] In other embodiments, the engineered multiplex
CRISPR array provided herein 1s a Casl3 array. In these
embodiments, each of the crRNAs in the Casl3 array
comprises a Casl3 repeat sequence (e.g., a Casl3b or
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Cas13d repeat sequence) and a spacer, in which each repeat
sequence 1s a Casl3 repeat sequence and each spacer 1s
configured to hybridize to a different target nucleic acid. In
some embodiments, each of the Casl3 repeat sequence 1s
immediately preceded by a separator described herein.

[0083] In some embodiments, the engineered multiplex
CRISPR array provided herein 1s a hybrid Casl2a and Cas13
array. In some embodiments, the hybrid Casl2a and Cas13
array comprises one or more Casl2a crRNAs and one or
more Cas13 crRNAs as described herein. In certain embodi-
ments, the one or more Casl2a crRNAs precede the one or
more Casl3 crRNAs, 1.e., all of the one or more Casl2a
crRNAs are 5'—to all of the one or more Cas13 crRNAs. A
non-limiting exemplary 1illustration 1s provided 1n FIG. 7A.
In other embodiments, the one or more Casl3 crRNAs
precede the one or more Casl2a crRNAs, 1.e., all of the one
or more Casl3 crRNAs are 5'—to all of the one or more
Casl2a crRNAs. A non-limiting exemplary illustration 1s
provided 1n FIG. 7B. In other embodiments, the one or more

Casl2a crRNAs and Casl3 crRNAs are intermingled with
no particular internal order.

Nucleic Acids and Vectors

[0084] An aspect of the disclosure 1s one or more nucleic
acids that encode the engineered multiplex CRISPR array as
described herein. As used herein, “encoding” refers to a
polynucleotide encoding for the amino acids of a polypep-
tide or a non-coding RNA molecule. A series of three
nucleotide bases encodes one amino acid. As used herein,
“expressed,” “expression,” or “expressing’ refers to tran-
scription of RNA from a DNA molecule. In some embodi-
ments, the nucleic acid 1s operably linked to a heterologous
nucleic acid sequence, such as, for example a structural gene
that encodes a protein of interest or a regulatory sequence
(e.g., a promoter sequence). As used herein, the term “oper-
ably linked” refers to a functional linkage between a pro-
moter or other regulatory element and an associated tran-
scribable DNA sequence or coding sequence of a gene (or
transgene), such that the promoter, etc., operates to initiate,
assist, aflect, cause, and/or promote the transcription and
expression of the associated transcribable DNA sequence or
coding sequence, at least 1n certain tissue(s), developmental
stage(s) and/or condition(s). In addition to promoters, regu-
latory elements include, without being limiting, an enhancer,
a leader, a transcription start site (ISS), a linker, 3' and 3
untranslated regions (UTRs), an imtron, a polyvadenylation
signal, and a termination region or sequence, etc., that are
suitable, necessary or preferred for regulating or allowing
expression of the gene or transcribable DNA sequence 1n a
cell. Such additional regulatory element(s) can be optional
and used to enhance or optimize expression of the gene or
transcribable DNA sequence.

[0085] Also provided herein are vectors and/or plasmids
containing one or more of the nucleic acids encoding the
engineered multiplex CRISPR array as described herein. As
used herein, the terms “vector” or “plasmid” are used
interchangeably and refer to a circular, double-stranded
DNA molecule that 1s physically separate from chromo-
somal DNA. In one embodiment, a plasmid or vector used
herein 1s capable of replication 1n vivo. In one embodiment,
a plasmid provided herein 1s a bacterial plasmid. In one
aspect, a plasmid or vector provided herein 1s a recombinant
vector. As used herein, the term “recombinant vector” refers
to a vector formed by laboratory methods of genetic recom-
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bination, such as molecular cloning. In another embodiment,
a plasmid provided herein i1s a synthetic plasmid. As used
herein, a “synthetic plasmid” i1s an artificially created plas-
mid that 1s capable of the same functions (e.g., replication)
as a natural plasmid. Without being limited, one skilled 1n
the art can create a synthetic plasmid de novo via synthe-
s1zing a plasmid by individual nucleotides, or by splicing
together nucleic acids from different pre-existing plasmids.
In other embodiments, the vector comprises a viral vector. In
some embodiments, the viral vector comprises a lentiviral
vector, an adeno virus vector, an adeno-associated viral
vector, a piggyBac vector, herpes virus, simian virus 40
(SV40), bovine papilloma virus vectors, or a retroviral
vector. Some embodiments disclosed herein relate expres-
s10n cassettes icluding a nucleic acid molecule as disclosed
herein.

[0086] In other embodiments, the present disclosure also
provides expression cassettes containing one or more of the
nucleic acids encoding the engineered multiplex CRISPR
array as described herein. An expression cassette 1s a con-
struct of genetic material that contains coding sequences and
enough regulatory mformation to direct proper transcription
and/or translation of the coding sequences 1n a recipient cell,
in vivo and/or ex vivo. The expression cassette may be
inserted into a vector for targeting to a desired host cell. As
such, the term “‘expression cassette” may be used inter-
changeably with the term “expression construct.”

[0087] A host cell as used herein can be a eukaryotic cell
or prokaryotic cell. Non-limiting examples of eukaryotic
cells mnclude animal cell, plant cells, and fungal cells. In
some embodiment, the eukaryotic cell comprises CHO,
HEK293T, Sp2/0, MEL, COS, and insect cells. In some
embodiment, the ecukaryotic cell comprises mammalian
cells. In some embodiment, the eukaryotic cell comprises
human cells. In some embodiment, the prokaryotic cells
include, but are not limited to, £. coli.

[0088] In some embodiments, the vector provided herein
turther comprises a promoter. As used herein, the term
“promoter” generally refers to a DNA sequence that contains
an RNA polymerase binding site, transcription start site,
and/or TATA box and assists or promotes the transcription
and expression of an associated transcribable polynucleotide
sequence and/or gene (or transgene). A promoter can be
synthetically produced, varied or derived from a known or
naturally occurring promoter sequence or other promoter
sequence. A promoter can also include a chimeric promoter
comprising a combination of two or more heterologous
sequences. A promoter of the present application can thus
include variants of promoter sequences that are similar 1n
composition, but not 1dentical to, other promoter sequence
(s) known or provided herein. A promoter can be classified
according to a variety of criteria relating to the pattern of
expression of an associated coding or transcribable sequence
or gene (including a transgene) operably linked to the
promoter, such as constitutive, developmental, tissue-spe-
cific, inducible, etc. Promoters that drive expression in all or
most tissues of the plant are referred to as “‘constitutive”
promoters. Promoters that drive expression during certain
periods or stages of development are referred to as “devel-
opmental” promoters. Promoters that drive enhanced
expression 1n certain tissues of the plant relative to other
plant tissues are referred to as “tissue-enhanced™ or “tissue-
preferred” promoters. Thus, a “tissue-preferred” promoter
causes relatively higher or preferential expression in a
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specific tissue(s) of the plant, but with lower levels of
expression 1n other tissue(s) of the plant. Promoters that
express within a specific tissue(s) of the plant, with little or
no expression in other plant tissues, are referred to as
“tissue-specific” promoters. An “inducible” promoter 1s a
promoter that imitiates transcription 1n response to an envi-
ronmental stimulus such as cold, drought or light, or other
stimuli, such as wounding or chemical application. A pro-
moter can also be classified 1n terms of 1ts origin, such as
being heterologous, homologous, chimeric, synthetic, etc. A
“heterologous™ promoter 1s a promoter sequence having a
different origin relative to 1ts associated {transcribable
sequence, coding sequence, or gene (or transgene), and/or
not naturally occurring in the plant species to be trans-
formed. In some embodiments, the promoter comprises a
polymerase II promoter. In some embodiments, the poly-
merase II promoter comprises a CAG promoter avPGK
promoter, an EF1a promoter, and a SFFV promoter.

[0089] In some embodiments, the vector provided herein
turther comprises a reporter gene. In some embodiments, the
reporter gene comprises BFP, GFP, and mCherry.

[0090] The nucleic acids described herein can be con-
tamned within a vector that i1s capable of directing their
expression 1n, for example, a cell that has been transduced
with the vector. Suitable vectors for use 1n eukaryotic cells
are known 1n the art and are commercially available or
readily prepared by a skilled artisan. Additional vectors can
also be found, for example, in Ausubel, F. M., et al., Current
Protocols 1n Molecular Biology, (Current Protocol, 1994)

and Sambrook et al., “Molecular Cloning: A Laboratory
Manual,” 2nd Ed. (1989).

[0091] The vectors are useful for autonomous replication
in a host cell or may be integrated 1nto the genome of a host
cell upon introduction into the host cell, and thereby are
replicated along with the host genome (e.g., non-episomal
mammalian vectors).

[0092] In some embodiments, the vector 1s an expression
vector. Expression vectors are capable of directing the
expression of coding sequences to which they are operably
linked. In some embodiments, the vector 1s eukaryotic
expression vector, 1.e. the vector 1s capable of directing the
expression of coding sequences to which they are operably
linked 1n a eukaryotic cell. In general, expression vectors of
utility 1n recombinant DNA techniques are often 1n the form
of plasmids (vectors). However, other forms of expression
vectors, such as viral vectors (e.g., replication defective
retroviruses, adenoviruses, and adeno-associated viruses)
are also included.

[0093] DNA vectors can be introduced into eukaryotic
cells via conventional transformation or transiection tech-
niques. Suitable methods for transforming or transfecting
host cells can be found 1n Sambrook et al. (1989) Molecular
Cloning: A Laboratory Manual (2nd ed., Cold Spring Harbor
Laboratory Press, Plaimnview, N.Y.) and other standard
molecular biology laboratory manuals.

[0094] In some embodiments, the vector 1s a viral vector.
The term “viral vector” 1s widely used to refer erther to a
nucleic acid molecule that includes virus-derived nucleic
acid elements that typically facilitate transfer of the nucleic
acid molecule or integration into the genome of a cell, or to
a viral particle that mediates nucleic acid transfer. Viral
particles typically include viral components, and sometimes
also host cell components, in addition to nucleic acid(s).
Retroviral vectors used herein contain structural and func-
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tional genetic elements, or portions thereof, that are primar-
1ly derived from a retrovirus. Retroviral lentivirus vectors
contain structural and functional genetic elements, or por-
tions thereof including LTRs, that are primarily derived from
a lentivirus (a sub-type of retrovirus).

[0095] In some embodiments, the nucleic acids are deliv-
ered by non-viral delivery vehicles known 1n the art. For
example, the nucleic acid molecule can be stably integrated
in the host genome, or can be episomally replicating, or
present in the recombinant host cell as a mini-circle expres-
s1on vector for stable or transient expression. Accordingly, 1n
some embodiments disclosed herein, the nucleic acid mol-
ecule 1s maintained and replicated 1n the recombinant host
cell as an episomal unit. In some embodiments, the nucleic
acid molecule 1s stably integrated into the genome of the
recombinant cell. Stable integration can also be accom-
plished using classical random genomic recombination tech-
niques or with more precise genome editing techniques such
as using guide RNA-directed CRISPR/Cas9, DNA-guided
endonuclease genome editing NgAgo (Natronobacterium
gregoryl Argonaute), or TALENs genome editing (transcrip-
tion activator-like eflector nucleases). In some embodi-
ments, the nucleic acid molecule 1s present 1n the recombi-
nant host cell as a mini-circle expression vector for stable or
transient expression.

[0096] The nucleic acids can be encapsulated in a viral
capsid or a lipid nanoparticle. For example, mtroduction of
nucleic acids 1nto cells may be achieved using viral trans-
duction methods. In a non-limiting example, adeno-associ-
ated virus (AAV) 1s a non-enveloped virus that can be
engineered to deliver nucleic acids to target cells via viral
transduction. Several AAV serotypes have been described,
and all of the known serotypes can infect cells from multiple
diverse tissue types. AAV 1s capable of transducing a wide
range of species and tissues in vivo with no evidence of
toxicity, and 1t generates relatively mild innate and adaptive
IMmune responses.

[0097] Lentiviral systems are also useful for nucleic acid
delivery and gene therapy via viral transduction. Lentiviral
vectors ofler several attractive properties as gene-delivery
vehicles, including: (1) sustained gene delivery through
stable vector integration into the host cell genome; (11) the
ability to infect both dividing and non-dividing cells; (i11)
broad tissue tropisms, including important gene- and cell-
therapy-target cell types; (1v) no expression of viral proteins
alter vector transduction; (v) the ability to deliver complex
genetic elements, such as polycistronic or intron-containing
sequences; (vi) a potentially safer integration site profile
(e.g., by targeting a site for integration that has little or no
oncogenic potential); and (vi1) a relatively easy system for
vector manipulation and production.

Engineered Cells

[0098] Another aspect of the present disclosure encom-
passes engineered cells. In some embodiments, the engi-
neered multiplex CRISPR arrays described herein are used
in eukaryotic cells, such as mammalian cells, for example,
human cells, to produce engineered cells with modulated
expression of target nucleic acids. Any human cell 1s con-
templated for use with the engineered multiplex CRISPR
arrays disclosed herein.

[0099] In some embodiments, the cells are engineered to
express one or more Cas nucleases. In some embodiments,
the engineered cells express Casl2 protemns. In some
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embodiments, the engineered cells express Casl3 proteins
(e.g., Casl3b and/or Casl3d proteins). In other embodi-
ments, the engineered cells express Casl2 and Casl3 (e.g.,
Cas13b and/or Cas13d) proteins.

[0100] In some embodiments, an engineered cell ex vivo
or 1n vitro 1cludes: (a) nucleic acid encoding engineered
multiplex CRISPR arrays; and/or (b) one or more Cas
nucleases described herein.

[0101] Some embodiments disclosed herein relate to a
method of engineering a cell that includes introducing into
the cell, such as an animal cell, the engineered multiplex
CRISPR arrays as described herein, and selecting or screen-
ing for an engineered cell transformed by the engineered
multiplex CRISPR arrays. The term “engineered cell” refers
not only to the particular subject cell but also to the progeny
or potential progeny of such a cell. Because certain modi-
fications may occur 1n succeeding generations due to either
mutation or environmental influences, such progeny may
not, 1n fact, be identical to the parent cell, but are still
included within the scope of the term as used herein.
Techniques for transforming a wide variety of cell are
known 1n the art.

[0102] In a related aspect, some embodiments relate to
engineered cells, for example, engineered animal cells that
include a heterologous nucleic acid and/or polypeptide as
described herein. The nucleic acid can be stably integrated
in the host genome, or can be episomally replicating, or
present 1n the engineered cell as a mini-circle expression
vector for stable or transient expression.

[0103] In some embodiments, provided herein 1s an engi-
neered cell, e.g., an 1solated engineered cell, prepared by
modulating the expression of a target gene 1n a target nucleic
acid or otherwise modifying the target nucleic acid 1n a cell
according to any of the methods described herein, thereby
producing the engineered cell. In some embodiments, pro-
vided herein 1s an engineered cell prepared by a method
comprising providing to a cell an engineered multiplex

CRISPR array as described herein.

[0104] In some embodiments, according to any of the
engineered cells described herein, the engineered cell i1s
capable of expressing or not expressing target nucleic acids
(e.g., target genes). In some embodiments, according to any
of the engineered cells described herein, the engineered cell
1s capable of regulated expression of target nucleic acids
(c.g., target genes). In some embodiments, according to any
of the engineered cells described herein, the engineered cell
exhibits altered expression pattern of target nucleic acids
(e.g., target genes). In other embodiments, the engineered
cells described herein exhibits desired phenotypes because
of the altered expression pattern of target nucleic acids (e.g.,
target genes).

Kits

[0105] In some embodiments, provided herein are kits for
carrying out a method described herein. A kit can include
one or more components of the engineered multiplex
CRISPR array as described herein. In some embodiments,
the engineered multiplex CRISPR array comprises more
than one crRNAs, wherein each of the more than one
crRNAs comprises a repeat sequence and a spacer, wherein
the spacer 1s configured to hybridize to a specific target
nucleic acid of a plurality of target nucleic acids, and
wherein the repeat sequence 1n each of the more than one
crRNAs 1s preceded by a separator sequence.
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[0106] A kit as described herein can further include one or
more additional reagents, where such additional reagents
can be selected from: a bufler for introducing one or more
components of an engineered multiplex CRISPR array into
a cell; a dilution bufler; a reconstitution solution; a wash
bufler; a control reagent; a control expression vector or
polyribonucleotide; a reagent for 1n vitro production of one
or more components of an engineered multiplex CRISPR
array, and the like.

[0107] Components of a kit can be 1n separate containers;
or can be combined 1n a single container.

[0108] In addition to the above-mentioned components, a
kit can further include 1nstructions for using the components
of the kit to practice the methods. The instructions for
practicing the methods are generally recorded on a suitable
recording medium. For example, the instructions may be
printed on a substrate, such as paper or plastic, etc. As such,
the instructions may be present 1n the kits as a package
insert, in the labeling of the container of the kit or compo-
nents thereot (e.g., associated with the packaging or sub-
packaging) etc. In some embodiments, the instructions are
present as an electronic storage data file present on a suitable
computer readable storage medium, e.g., CD-ROM, dis-
kette, flash drive, etc. In yet other embodiments, the actual
instructions are not present in the kit, but means for obtain-
ing the instructions from a remote source, e.g., via the
internet, are provided. An example of this embodiment 1s a
kit that includes a web address where the mstructions can be
viewed and/or from which the instructions can be down-
loaded. As with the 1nstructions, this means for obtaining the
instructions 1s recorded on a suitable substrate.

III. Methods of Making Engineered Multiplex
CRISPR Arrays

[0109] Another aspect of the present disclosure encom-
passes a method of making a collection of engineered
multiplex CRISPR arrays. An exemplary, non-limiting illus-
tration of the major steps of method is provide in FIG. 6. In
some embodiments, the method comprises providing more
than one crRNAs, wherein each of the more than one
crRNAs comprises a 5' oligonucleotide overhang and a 3
oligonucleotide overhang configured to hybnidize to each
other. In some embodiments, each of the more than one
crRNAs comprises a repeat sequence and a spacer, wherein
the spacer 1s configured to hybridize to a specific target
nucleic acid of a plurality of target nucleic acids, and
wherein the repeat sequence 1n each of the more than one
crRNAs 1s preceded by a separator sequence. In other
embodiments, the method further comprises randomly
hybridizing the more than one crRNAs to generate the
collection of the engineered multiplex CRISPR arrays. An
Example procedure for assembling the CRISPR arrays of the
present disclosure 1s provided in Example 2.

[0110] In some embodiments, the method further com-
prises 1dentifying the collection of engineered multiplex
CRISPR arrays having a desired length. Methods for 1den-
tifying the desired nucleic acids are commonly known in the
art. For example, the length of nucleic acid fragment can be
determined by agarose gel electrophoresis. In some embodi-
ments, the fragments with the desired length are excised and
the nucleic acid (e.g., DNA) samples recovered from the
agarose gel, resulting in a collection of the desired engi-
neered multiplex CRISPR arrays. In some embodiments, the
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method further comprises iserting each of the collection of
the engineered multiplex CRISPR arrays ito a vector.
[0111] However, other equivalent methods are known 1n
the art and can be used to achieve the same purpose, and
therefore are also encompassed by the present disclosure.
[0112] In other embodiments, the method further com-
prises delivering the collection of the engineered multiplex
CRISPR arrays into host cells. In some embodiments, the
host cells express one or more Cas proteins. For example, in
some embodiments, the host cell express Casl2a proteins. In
other embodiments, the host cell express Casl3 proteins. In
some embodiments, the host cell express Cas13b proteins. In
some embodiments, the host cell express Cas13d proteins. In
some embodiments, the host cell express both Casl2a and
Casl3 (e.g., Casl3b and/or Casl3d) proteins.

[0113] In some embodiments, the method further com-
prises screening for the collection of engineered multiplex
CRISPR arrays with a desired phenotype. Non-limiting
exemplary desired phenotypes include immune-evasion 1n
natural killer (NK) cells, simultaneous upregulation (e.g.,
activation) of the expression of multiple target nucleic acids,
simultaneous downregulation (e.g., silencing) of the expres-
sion of multiple target nucleic acids, or simultaneous
upregulation and downregulation (e.g., simultaneous acti-
vation and silencing) of the expression of multiple target
nucleic acids, stem cell diflerentiation patterns, enhanced
tumor/cancer killing, modified cell signaling properties, and
modified metabolic properties. In certain embodiments, the
desired phenotype can be controlled stem cell differentia-
tion, controlled killing of tumor cells, and enhanced cell
proliferation, increased T-cell activity level, modified meta-
bolic activity, modified drug sensitivity, modified cell repro-
gramming eiflicacy, modified structure and behavior of
organelles or cellular subcompartments, modified transcrip-
tion, and/or translation properties.

[0114] In other embodiments, the screeming further com-
prises 1solating the host cells exhibiting the desired pheno-
type. In some embodiments, the method further comprises
sequencing the engineered multiplex CRISPR array
expressed by the 1solated host cells. In some embodiments,
the method further comprises 1solating the desired engi-
neered multiplex CRISPR array. In other embodiments, the
1solated desired engineered multiplex CRISPR arrays can be
used 1n various applications or methods, such as but not
limited to those described herein.

IV. Methods of Targeting Nucleic Acids

[0115] Provided herein are methods of targeting (e.g.,
binding to, moditying, detecting, etc.) one or more target
nucleic acids (e.g., dsDNA or RNA) using the engineered
multiplex CRISPR array provided herein.

[0116] In some embodiments, provided herein 1s a method
of targeting (e.g., binding to, modilying, detecting, etc.) a
target nucleic acid 1n a sample comprising introducing nto
the sample the components of the engineered multiplex
CRISPR array as described herein. A sample as used here
can be a biological sample comprising a cell, including,
without limitation, a tissue, tluid, or other composition 1n an
organism. In some embodiments, the sample 1s a cell or a
composition comprising a cell. In some embodiments, the
cell 1s a mammalian cell, e.g., a human cell.

[0117] Targeting a nucleic acid molecule can include one
or more of cutting or nicking the target nucleic acid mol-
ecule; modulating the expression of a gene present 1n the
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target nucleic acid molecule (such as by regulating tran-
scription of the gene from a target DNA or RNA, e.g., to
downregulate and/or upregulate expression of a gene); visu-
alizing, labeling, or detecting the target nucleic acid mol-
ecule; binding the target nucleic acid molecule, editing the
target nucleic acid molecule, traficking the target nucleic
acid molecule, and masking the target nucleic acid molecule.
In some embodiments, moditying the target nucleic acid
molecule includes ntroducing one or more of a nucleobase
substitution, a nucleobase deletion, a nucleobase insertion, a
break in the target nucleic acid molecule, methylation of the
target nucleic acid molecule, and demethylation of the
nucleic acid molecule. In some embodiments, such methods
are used to treat a disease, such as a disease 1n a human. In
such embodiments, one or more target nucleic acids are
associated with the disease.

V. Methods of Gene Modulation

[0118] In some embodiments, the engineered multiplex
CRISPR array provided heremn can be used to control
endogenous gene expression. In some embodiments, the
present disclosure describes a method for improving multi-
gene control 1 host cells, e.g., human cells. In some
embodiments, the present disclosure provides a crucial com-
ponent of the molecular toolkit that enables high-precision
control of cell identity, cell diflerentiation pattern, and/or
cell behavior.
[0119] In some embodiments, the present disclosure pro-
vides a method for controlled stem cell differentiation com-
prising contacting a stem cell with a plurality of the engi-
neered multiplex CRISPR arrays comprising crRNAs
configure to hybridize to target genes known to influence the
stem cell identity.
[0120] In other embodiments, the present disclosure pro-
vides a method for simultaneous activation of multiple
endogenous genes. In some embodiments, the method com-
prises contacting a host cell with the engineered multiplex
CRISPR array provided herein. In certain embodiments, the
more than one crRNAs in the CRISPR array comprise
Casl2a repeat sequences and spacers configured to hybrid-
1ze to a plurality of target nucleic acids. One exemplary
embodiment 1s shown 1n FIG. 3D and Example 5.
[0121] In some embodiments, the present disclosure pro-
vides a method for simultaneous silencing of multiple
endogenous genes. In some embodiments, the method com-
prises contacting a host cell with the engineered multiplex
CRISPR array provided herein, in which the more than one
crRNAs comprise Casl3 repeat sequences and spacers con-
figured to hybridize to a plurality of target nucleic acids.
[0122] In other embodiments, the present disclosure pro-
vides a method for simultaneous activation and silencing of
multiple endogenous genes. In these embodiments, the
method comprises contacting a host cell with the engineered
multiplex CRISPR array provided herein, in which the more
than one crRNAs comprise both Casl2a and Casl3 repeat
sequences and spacers configured to hybridize to a plurality
ol target nucleic acids.
[0123] In some embodiments, the host cells express one or
more Cas proteins. For example, in some embodiments, the
host cell express Casl2a proteins. In other embodiments, the
host cell express Cas13 proteins. In some embodiments, the
e

host cell express Cas13b proteins. In some embodiments, t
host cell express Cas13d proteins. In some embodiments, the
host cell express both Casl2a and Casl3b proteins.
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EXAMPLES

[0124] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
molecular biology, microbiology, cell biology, biochemistry,
nucleic acid chemistry, and immunology, which are well
known to those skilled 1n the art.

[0125] Additional embodiments are disclosed in further
detail 1n the following examples, which are provided by way
of 1llustration and are not 1n any way intended to limit the
scope of this disclosure or the claims.

Example 1: Materials and Methods

[0126] The purpose of this Example i1s to provide the
exemplary materials and methods that were used herein.
[0127] HEK?293T cells (Clontech) carrying a genomically
integrated dscGFP gene driven by the TRE3G promoter
(consisting of seven repeats of the Tet response element)
were used. This cell line was clonally sorted and expanded
and showed no background GFP fluorescence. Cells were
cultured in DMEM+GlutaMAX (Thermo Fisher) containing
100 U/mL of penicillin and streptomycin (Life Technolo-
gies) and 10% Fetal Bovine Serum (Clontech). Cells were
grown at 37° C. with 5% CO, and passaged using 0.05%
Trypsin-EDTA solution (Thermo Fisher).

[0128] For Example 6, HEK293T cells (Takara Bio,
Japan) were engineered to carry a genomically integrated
GFP gene drniven by the TRE3G promoter (consisting of
seven repeats ol the Tet response element), and a Tet3G
activator driven by the EF1a promoter. Cells were cultured
in DMEM+GlutaMAX (Thermo Fisher, Waltham, MA) con-
tamning 100 U/ml of penicillin and streptomycin (Thermo
Fisher) and 10% fetal bovine serum (Clontech). Cells were
grown at 37° C. with 5% CO2 and passaged using 0.05%
Trypsin-EDTA solution (Thermo Fisher) or TryplE Express
Enzyme (Thermo Fisher).

[0129] Cells were transiected with constructs carrying 1)
nuclease-deactivated Casl2a (from Lachnospiraceae bacte-
rium, human codon-optimized) fused either to the VP64-
p63-Rta (VPR) activator and mCherry, or to mini-VPR and
mCherry; 2) a CRISPR array-expressing plasmid. For FIGS.
1 and 3A-C, a CRISPR array construct consisting of firefly
luciferase immediately followed by a CRISPR array and an
SV40 pA terminator, expressed under the CAG promoter
clement was used. For the activation of seven endogenous
genes (FIG. 3D), firetly luciferase was replaced with Blue
Fluorescent Protein (BFP), a Malatl Triplex sequence, and
the L. bacterium Casl2a leader sequence.

[0130] Cells were seeded one day before transiection at a
density of 5x10* cells per well in a 24-well plate. Cells were
transiected using TransI'T-L'T'1 transfection reagent (Minis
Bio, Madison, WI) according to the manufacturer’s recom-
mendation (250 ng dCas12a-VPR-mCherry plasmid; 250 ng

CRISPR array plasmid; 1.5 ul transtection reagent per well).

[0131] Two days after transfection, cells were dissociated
using 0.05% Trypsin-EDTA (Thermo Fisher), passed
through a 40 pum filter-capped test tube (Corning), and
analyzed using a CytoFLEX S flow cytometer (Beckman
Coulter). For each experiment, 10,000 events were recorded.

[0132] For Example 6, On day O, cells were seeded 1 day
before transfection at a density of 4x10” cells per well in a
48-well plate. On day 1, cells were transfected with con-
structs carrying (1) nuclease-deactivated dCasl2a (from L.
bacterium, human codon-optimized) fused to the mini-VPR
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activator (Vora et al., 2018) and mCherry; (2) Casl13d from
Ruminococcus flavefaciens (Konermann et al., Cell, 2017)
followed by a 2A element and mCherry, driven by the EF1a
promoter (3) a CRISPR array-expressing plasmid. On day 2,
medium was changed to medium including doxycycline (1
ug/ml) to activate endogenous GFP expression. On day 3,
cells were dissociated using TrypLE (Thermo Fisher), cen-
trifuged at 300*g for 5 minutes after which the supernatant
was removed. Cells were incubated with an APC-conjugated
CD9-targetingand antibody (BD Biosciences) at a 1:100
dilution for 2 hours at 4'C. Cells were then centrifuged at
300*¢ for 5 minutes after which the supernatant was
removed and cells were suspended in PBS and passed
through a 40 um filter-capped test tube (Corning, Corning,
NY). Cells were then analyzed using a BD Influx FACS
machine (BD Biosciences, Franklin Lakes, NJ). During flow
cytometry analysis, cells were gated for expressing the

Casl2a construct (mCherry+) and CRISPR array (BFP).

[0133] RI-gPCR was conducted to quantily endogenous
gene activation. Cells were transfected and harvested as
described above. Total RNA was extracted with the RNeasy
Plus Mim1 Kit (QIAGEN), according to manufacturer’s
istructions. Reverse transcription was performed using
iScript ¢cDNA Synthesis kit (Bio-Rad). Quantitative PCR
reactions were run on a LightCycler thermal cycler (Bio-
Rad) with 1Tag Umversal SYBR Green Supermix (Bio-
Rad). AACt values for the target genes were divided by those
of RPL13A to obtain relative expression. Puumers used 1n the

RT-gPCR were listed 1n Table 1 below:

TABLE 1

Primerg used in the RT-gPCR

sequence

Primer name (SEQ ID NO)

has-RPL13A-F CCTGGAGGAGAAGAGGAALGAGA

(SEQ ID NO: 7)
has-RPL12A-R TTGAGGACCTCTGTGTATTTGTCAR
(SEQ ID NO: 8)

has-CD9-F CACCAAGTGCATCAAATACCTG
(SEQ ID NO: 9)
has-CD9-R GTTTCTTGCTCGAAGATGCTC

(SEQ ID NO: 10)
has-IFNG-F TCGGTAACTGACTTGAATGTCCA
(SEQ ID NO: 11)
has-IFNG-R TCGCTTCCCTGTTTTAGCTGC
(SEQ ID NO: 12)
has-EGFR-F TTGCCECAAAGTETETAACG
(SEQ ID NO: 13)
has-EGFR-R GTCACCCCTAAATGCCACCE
(SEQ ID NO: 14)
has-TMEM107-F GAGTCTCCATETTCAACAGCA
(SEQ ID NO: 15)
has-TMEM107-R TCCCAACGCTCGAATATCAAG
(SEQ ID NO: 16)
has-IMPACT-F TACAGCTCCACCTATCTACCA
(SEQ ID NO: 17)
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TABLE 1-continued

Primers used in the RT-gPCR

sequence

Primer name (SEQ ID NO)

has-IMPACT-R ACATCTCTTATTTTCTCCACCCA

(SEQ ID NO: 18)
has-DANCR-F AGGAGTTCGTCTCTTACGTCT
(SEQ ID NO: 19)
has-DANCR-R TGARATACCAGCAACAGGACA
(SEQ ID NO: 20)

dscGFP-F ACTTCAAGAGCGCCATCCA
(SEQ ID NO: 21)
dscGFP-R GTCTTGAAGGCGTGCTGETA
(SEQ ID NO: 22)
[0134] Exemplary spacer sequences used to activate

endogenous genes are provided in Table 2 below.

TABLE 2

Exemplary Spacer sequences

Target

gene Spacer sequence (SEQ ID NO)

CD9S AARAGTGCCACTCCTTAGGG (SEQ ID NO: 23)
IEFNG AGATGAGATGGTGACAGATA(SEQ ID NO: 24)
EGEFR CTCCAGAGCCCGACTCGCCG (SEQ ID NO: 25)
TMEM107 TCGGCTTGCGGGGAGACTTC (SEQ ID NO: 26)
IMPACT CACCCTTCGGCCCGCCACCC (SEQ ID NO: 27)
DANCR AGAAAGGGAATCCCAGGGCC (SEQ ID NO: 28)
TRE3G CTCCCTATCAGTGATAGAGA (SEQ ID NO: 29)
(GFP)

Example 2: Assembly of CRISPR Arrays

[0135] This Example 1llustrates how the CRISPR arrays
used 1n the present disclosure were assembled.

[0136] CRISPR arrays were assembled using an oligo-
nucleotide duplexing and ligation method. First, arrays were
designed computationally using SnapGene. The arrays were
designed to include two flanking sequences containing a
20-bp overlap with the opened backbone plasmid, as
required for a subsequent In-Fusion reaction. This double-
stranded sequence was then inputted nto a custom R script
that divided the sequence 1nto =60-nt single-stranded DNA
sequences with unique 4-nt 5' overhangs, which were
ordered from Integrated DNA Technologies (IDT) 1n Lab-
Ready formulation (i.e., 100 uM 1n IDTE builfer, pH 8.0) and
standard desalting purification. For assembly, up to 8 oligo
duplexes (1.e. 16 single-stranded oligonucleotides were
ligated per reaction vial. For CRISPR arrays longer than
that, the first step of the assembly reaction was divided into
multiple vials, each ligating =8 oligonucleotide duplexes
(e.g. 1f the array consists of 12 oligonucleotide duplexes,
perform the reaction 1n two vials with 6 duplexes in each).
For each ligation vial, first make an oligonucleotide mix
containing 1 ul of each oligonucleotide. Then set up the
tollowing phosphorylation/duplexing reaction:
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Phosphorylation and duplexing

Oligonucleotide mix 1.0 pl
2x 17 ligation buffer 2.5 pul
H20 1.25 pl
T4 PNK 0.25 ul
Total 5 ul

[0137] Then run a phosphorylation-duplexing reaction on
a thermocycler using the program below:

37° C. 30 min

95° C. 5 min

25° C. step down 0.1° C./second
25° C. hold

[0138] Then, add 1 reaction volume (5 ul) of 1x T7 bufler.
Add 1 ul T7 DNA ligase (New England Biolabs, MA, USA)
(Important: Use T7 ligase rather than T4 ligase, as T7 ligase
lacks the ability to ligate blunt ends). Incubate at 25° C. for
3 hours. Then, dilute the sample 5 by adding 40 ul water.
Run the sample on a 2% agarose gel. A ladder pattern should
be visible. Excise the band corresponding to the ligated
product. Depending on whether the entire CRISPR array
was assembled 1n a single vial, or divided into several vials,
do either of the following:

[0139] If the entire array was assembled 1n a single vial:
Gel-punily the excised band using the Macherey-Nagel
NucleoSpin Gel & PCR Clean-up kit (Macherey-Nagel,
Germany). Insert the purified array into the opened back-
bone using In-Fusion cloning (Takara Bio, Japan).

[0140] Ifthe array was divided into >1 vial: For all excised
bands belonging to the same array, pool the excised bands
into a single vial. Gel-purity the pooled bands using the
Macherey-Nagel NucleoSpin Gel & PCR cleanup kit. Elute
in 15 ul water. Then, add 1 volume (15 ul) of 2x T7 buller
and 1 ul T7 DNA ligase. Incubate at 25° C. for 3 hours.
Then, run the ligated product on a 2% agarose gel. A faint
band should be seen corresponding to the full-length
CRISPR array. Excise and gel-purity this band. Insert into
backbone vector using In-Fusion.

Quantification and Statistical Analyses

Computation of GC Content in Sliding Window

[0141] For each of the spacer sequences, the GC content
was computed 1n a sliding 5-nt window (e.g., first nucleo-
tides 1-5, then nucleotides 2-6, etc.). For each of such
window, the average and standard error of all 51 spacers
were calculated. As the sliding window approached the 3'
end of the spacers, the size of the shiding window was
reduced to 4, then 3, then 2 nucleotides, 1n order to increase
resolution at the very 3' end. This was also performed for
naturally occurring spacers and CRISPR separators (FIG.
2B). The analyzed spacers varied i length from 25-36 nt.
For this analysis, the 5' ends of spacers longer than 25 nt
were truncated so that the 25 nucleotides at the most 3' end
of every spacer could be aligned and analyzed.

[0142] The separator sequences were first aligned using
the T-Coflee alignment tool (SnapGene v. 5.2.), which did
not truncate any of the separator sequences. For calculating,
the predictive power of knowing the GC content of 3 bases
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in the spacer (FI1G. 11), each 20-nt spacer was divided into
18 3-nt windows and the GC content was calculated for each
window. For each such window (e.g. window 1-3), the GC
content was plotted versus the GFP activation of all 51
arrays (percentage of GFP+cells). Next, a linear regression
was performed and the R* value was inserted into FIG. 11J.

Multiple Sequence Alignment of Naturally Occurring
CRISPR Sequences

[0143] The multiple sequence alignment tools SnapGene
(v. 5.1-5.2) were used for the alignment of separator
sequences and post-processed repeats. The separator
sequences were aligned using T-Cotlee The other sequences

were aligned using MUItiple Sequence Comparison by
Log-Expectation (MUSCLE).

Example 3: The GC Content of Spacers Aflects
Performance of the Downstream crRNA 1n Casl2a

CRISPR Arrays

[0144] The purpose of this example i1s to demonstrate the

GC content of spacers aflects performance of the down-
stream crRNA 1n Casl2a CRISPR arrays.

[0145] Short CRISPR arrays with 2 c¢rRNAs were
designed to test the effect of GC content of upstream spacer.
The 51 spacer sequences (FIG. 1G) were adapted from a
negative-control sgRNA library generated by Gilbert et al.
(Cell, 2014). These sequences correspond to scrambled Cas9
spacer sequences, and were adjusted slightly for length (20
nt) and GC content.

[0146] It was hypothesized that the separator sequence 1s
important for proper processing of the CRISPR array.
Because new spacers are excised from viral sequences, 1t 1s
possible that some spacers will by chance generate RNA
secondary structures that sterically hinder Casl2a from
accessing its cleavage site. RNA secondary structure is
known to impede Cas protein binding and processing. For
example, 1t was known that the RNA-binding and -cleaving
protein Casl3 1s negatively affected by secondary structure.
(Abudayyeh et al., Science, 2016; Yan et al., Mol Cell,
2018). Further, Casl2a is sensitive to a hairpin structure that
forms immediately downstream of the CRISPR array (Liao
et al., RNA Biology, 2019). It 1s therefore plausible that local
secondary structure within the transcribed CRISPR array
itsell could intertere with proper array processing (FI1G. 1C).

[0147] One feature that promotes RNA secondary struc-
ture formation 1s high GC content (Chan et al., BMC
Bioimnformatics, 2009). Thus, a simple Casl2a array was
designed to consist of two consecutive crRINAs whose
repeat regions did not contain the separator sequence (FIG.
1D). In this array, the spacer of the second crRNA was
complementary to the promoter region of GFP, which had
been genomically integrated into HEK293T cells (FIG. 1E).
The first crRNA’s spacer instead consisted of a non-target-
ing sequence. Surprisingly, 1t was discovered that this array
design displayed hypersensitivity to the last nucleotide in the
spacer. Replacing this nucleotide from a T to a G lead an
almost complete failure of transfected cells to activate GFP
(FIG. 1F). To i1dentily how the performance of the GFP-
targeting crRINA 1s affected by the overall GC content of the
upstream spacer 1n this array, the GC content of the spacer
was varied. The HEK293T cells were transtected with these
CRISPR arrays and a nuclease-deactivated Casl2a fused to
the VP64-p635-Rta activator and mCherry (subsequently
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denoted dCasl2a-VPR). Forty-eight hours later, the cells
were analyzed by flow cytometry and quantified GFP fluo-
rescence as a measure ol array functionality.

[0148] Interestingly, a strong negative correlation between
GC content of the spacer and GFP activation was observed
(FIG. 1G). This indicated that crRNAs can exert a strong
influence on the performance of the subsequent spacer,
perhaps by forming secondary structures that interfere with
Casl2a binding and processing.

[0149] Next, to analyze how the GC content varied over
the length of these spacer sequences, all these random
spacers were divided into three groups based on whether
they enabled high, medium, or low GFP activation (FIG.
1G). For each spacer sequence, the GC content of a sliding
S-nt window was calculated and this sliding GC content was
averaged for all spacers 1n the respective group (FIG. 1H).
To get a closer view of the GC content very close to the
cleavage site at the very 3' end of the spacer, the size of the
sliding window at the very 3' end of the spacers was
decreased. Interestingly, this analysis showed that particu-
larly permissive spacers had a GC content that decreased
toward the 3' end of the spacer’s length. In contrast, par-
ticularly non-permissive spacers had GC content that was
slightly higher toward the 3' end of the spacer. Spacers that
enabled medium-level GFP activation had an overall quite
high GC content but showed a drop 1n GC content close to
the 3' end of the spacer. This suggested that the importance
of GC content was particularly high toward the 3' end of the
spacer, closer to the cleavage site where individual crRNAs
are processed.

[0150] Surprisingly, spacers with a GC content i the
50-90% range displayed a wide spread of GFP activation,
some enabling unexpectedly high GFP activation and others
unexpectedly low (FIGS. 1G, 11, and 1J). The sliding GC
content of these spacers was analyzed, and an even stronger
trend toward low GC content toward the 3' end of the spacer
for the unexpectedly permissive spacers and high GC con-
tent for the unexpectedly non-permissive spacers was found
(FIGS. 11-1]). Thus, even 1t the average GC content was
high 1n a random spacer sequence, it could still allow
cllicient performance of the subsequent crRNA 11 GC con-
tent was low 1n the 3-5 bases at its very 3' end. Conversely,
even 1 a spacer’s GC content was relatively low, 1t interfered
with processing of the subsequent crRNA 1f the last few
bases were of high GC content.

[0151] The GC content of the upstream spacer was mod-
erately predictive of array performance (R*=0.45; FIG. 1K).
The data suggested that the i1dentity of the most 3' bases
might be disproportionately important for array perfor-
mance. Indeed, 1t was found that approximately the same
level of predictive power could be achieved by simply
knowing the average GC content of the last three nucleotides
in the upstream spacer (R*=0.52; FIG. 1K). These last three
bases were more predictive of array performance than any
other three bases 1n the spacer. These results suggested that
optimal array performance requires approximately three
bases immediately upstream of the Casl2a cleavage site to

be As or Ts.

[0152] Further, computational analyses were performed to
determine what 1impact, if any, secondary structure has on
array performance. As demonstrated in FIG. 1L, the GC
content of the upstream, non-targeting spacer 1s correlated
with predicted secondary structure formation (estimated

using the online tool RNA{fold (Lorenz et al 2011. VIEN-
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NARNA package 2.0. Algorithms for Molecular Biology 6:
26. DOI: https://do1.org/10.1186/1748-7188-6-26, PMID:
22115189). Predicted secondary structure formatlon in turn,
1s anticorrelated with performance of the GFP-targeting
spacer (F1G. 1M), suggesting that strong secondary struc-
tures 1s what impedes array performance.

Example 4: Separator Sequences With Low GC
Content at the 3' Ends

[0153] The purpose of this example 1s to demonstrate that
separators play an important role during CRISPR array
processing by providing an Al-rich sequence that gives
Casl2a maximum accessibility to its cleavage site.

[0154] Whether bacteria have evolved mechanisms to
incorporate only spacers with low GC content 1 their
CRISPR arrays was investigated. To address this question,
72’7 naturally occurring Casl2a spacer sequences from 30
bacterial species were analyzed. However, no conspicuous
absence of GC-rich spacers was found. Spacer GC content
was normally distributed around an average of 39%, with a
range of 10-70% (FIG. 2A). This was true also for Lach-
nospiraceae bacterium, the species from which the experi-
mental dCas12a variant 1s dertved. Neither was it found that
GC content was lower at the 3' end of these spacers (FIG.
2B). Theretfore, the question of how Casl2a 1s able to
process CRISPR arrays properly when some spacers might
have very high GC content was nvestigated.

[0155] In naturally occurring CRISPR arrays, the separa-
tor sequence gets excised through the action of Casl2a and
an unknown enzyme (FIG. 1B; Zetsche, Cell, 2015).
Whether the separator might act as an insulator that protects
every crRINA from disturbances caused by secondary struc-
ture 1 upstream spacers was investigated. To this end, 79
unique separator sequences from 30 bacterial species were
analyzed (FIG. 4 and Table 3). Overall, these sequences
showed very little sequence conservation (FIG. 2C). The
only region that seemed to moderately evolutionarily con-
served was a 5-nt sequence at the very 3' end of the separator
(GTYTA, SEQ ID NO: 30). Possibly this sequence acts as
a binding site for the unknown enzyme responsible for
cleaving 1ts 5' end during crRNA processing. However,
despite there being so little sequence conservation, a strong
bias for low GC content was detected (FIG. 2C). This
suggests that the separator play an important role during
CRISPR array processing by providing an Al-rich sequence
that gives Casl2Za maximum accessibility to 1its cleavage
site.

TABLE 3

Separator seguences from 30 bacterial species

sSequence SEQ ID NO
GTCAAAAGACCTTTTT 33
GTCAAAAGGCCTTTTT 34
GTTTGAATAACCTTAAAT 35
GTTTGAATAGCCTTAAAT 36
GTTTGAATAATCTTAAAT 37
GTCTAAGAACTTTAAAT 38
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TABLE 3-continued TABLE 3-continued

Separator seguences from 30 bacterial species Separator seguences from 30 bacterial species
sequence SEQ ID NO sequence SEQ ID NO
CTCTAATAAGAGATATG 39

GTTGAAACTGTGAGAARD 76
CTCTAATAGGAGATATG 40

GTTAAGACTGCAAGGA 77
CGCTAATAGGAGATATG 41

GTTAAAACTGTAAGCGG 78
GTTTCAAAGATTAAAT 42

ATTGAAACTGTAAAGA 79
GTTTCAAAGATTGAAG 43

GTCTGAAACTGTAAACGG 80
TTTTAAAAGATTGAARD 44

GTTGAAGCTGTAAGCAA 81
AGCTTAGAACATTTAARAAD 45

GTTGAATCTGTACGGA 82
TGCTTAGAACATTTAAAG 46

GCTGAGATTGTAAAGTGA 823
CTCTAAAGAGAGGARAAG 477

GTTGGGACTGTGAGCCA 84
GTCTAACGACCTTTTA 48

GTTGATACTGTGAGCGG 85
CTCAAAACTCATTCG 49

GTTGAAACTGTTAGGGG 86
GTTTAAAAGTCCTATTG 50

GTAGACGATGAAGCGA 877
GCCAAATACCTCTATAA 51

ATTGAGGCCGTAAGCAA 38
GTCTAGGTACTCTCTTT 52

GTTTAAAACCACTTTAA 89
GTCAATAAGACTCATTT 53

GTTAAATAATAAGADAG 90
ATCAATAAGACTCATTT 54

GTTAAATAATAAGADDD o1
GCCTATAAGGCTTTAGT 55

ATAAAATAATAAGARDDG o2
AGCTATAAGGCTTTAGT 56

GTCTAACGACCTTCTA 03
TGCTATAAGGCTTTAGT 57

GGCTACATAAAGCCTAT o4
GCCTATAAGGCTTCAGT 58

GGCTACATAAAGCCTGT o5
GTCCAAAGGACGGATTA 59

TGCTACATAAAGCCTGT 96
GTCTAAGACTTAADAGAT 60

GGCTACTTAAAGCCTAT Q7
GTCTAAGACTTAALAGTT 61l

GCTTAGAACCTTTAAAT o8
GTCTAAGACTTAAAGADD 62

GCTTAATCAACCCTTAG 99
GTTTTAGAACCTTAAAAT 63

GTTTAATCAACCCTTAG 100
GTTTTAGAACCTTAADD 64

GTTTAATAATCCTTTAG 101
GTTTTATAACCTTAADADA 65

GTCTAAAGGCCTTATAA 102
GTCTTAGAACCTTAARD 66

GATTTGAAAGCATCTTTT 103
GTTTTAGAACCTTTAAAR 67

TATTTGAAAGCATCTTTT 104
GTCTAAGCCTTAGCTTA 68

AATTTGAAAGCATCTTTT 105
GTTGAGACTGTAAGCGA 69

AGTTTGAAAGCATATTTT 106
GTTGAAACTGTAAGCGG 70

GATTTGAAAGCATATTTT 107
GTCGAAACTGTAAGCGA 71

TATTTGGAAGCACATTTT 108
GTTAAAACTGTAAACGG 72

CATTTGGAAGCATATTTT 109
GTTGAAACCGTAAGCGG 73

AATTTGGAAGCACATTTT 110
GTTGAAACTGTAAAGARD 74

TGTTTGGAAGCATATTTT 111

GTTGAAACTGTAAGAAL 75
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Example 3: Including an Artificial Separator
Sequence Between crRNAs Improves Array
Performance 1n Human Cells

[0156] The purpose of this example 1s to demonstrate that
including an artificial separator sequence between crRNAs
improves array performance in human cells.

[0157] Whether CRISPR arrays would show improved
performance 1 human cells 11 they included the full sepa-
rator sequence between each crRNA was mvestigated. This
hypothesis was tested using a similar experimental design as
described previously, with a CRISPR array consisting of one
crRNA contaiming a spacer, followed by a crRNA targeting
the GFP promoter (FIG. 3A). The array either did or did not
contain the natural separator sequence from L. bacterium.
However, including this separator almost completely abol-
ished array function, as nearly no GFP activation was seen
in these cells (data not shown). This 1s consistent with a
previous study that reported poor performance of crRNAs
that contain the full-length, pre-processed Casl2a repeat
(which contains the separator) (Liu et al., Nucleic Acids
Research, 2019). One possible reason 1s that, because
Casl2a cannot cleave the 3' end of the separator, the
separator will remain attached at the 3' end of each processed
crRNA. This might interfere with loading onto Casl2a or
target DNA binding.
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[0158] Then whether incorporating only parts of the sepa-
rator would still retain 1ts predicted msulating function was
investigated. CRISPR arrays were generated 1in which the
crRNAs were either separated by 1-4 nucleotides from the
natural L. bacterium separator, or by a single G (FIGS.
3A-B). Three versions of each array were generated, where
the GC content of the spacer was 30%, 50% or 70% (FIG.
3A). Interestingly, each addition of an A or T improved

performance of the CRISPR array (FIG. 3C). These results
suggested that this short, Al-rich artificial separator
improved processing of the CRISPR array, despite each

spacer now containing an AAAT sequence attached to their
3" end.

[0159] Next, 1t was nvestigated whether the addition of
this short, synthetic separator sequence would improve
CRISPR activation of endogenous genes when crRINAs are
expressed 1n a CRISPR array. For this, HEK293T cells were
transtfected (FIG. 1E) with a CRISPR array containing seven
crRNAs (FIG. 3D). Each crRNA targeted the promoter of
one gene, which included both protein-coding genes (CD9,
IFNG, EGFR, TMEM107, GFP) and long non-coding RNAs
(IMPACT, DANCR). The full length sequence of the con-
struct, CAGp-BFP-Tnplex-Leader-Array-Terminator, 1s
provided 1n SEQ ID NO: 113.

(SEQ ID NO: 113}

GTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAAT

ITTTGTAT T TAT T TATTTTTTAATTATTTTGTGCAGCGATGGEEEEEEEEEEEEEEE

GGGECGCGCGCCAGGCEEEEEEEGELCGEEECEAGLEECEEEECEEEECEAGECE

GAGAGGTGCGGCGEGECAGCCAAT CAGAGCGGCGCGCTCCGAAAGTTTCCTTTTAT

GGCGAGGCGGECEECELCEGECGECCCTATAAALAGCGAAGCGCECEECEEECEE

GAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGCCGCCC

GCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGLGCELEACGGCCC

TTCTCCTCCOGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGT

GGCTGCGTGAAAGCCTTAAAGGGCTCCGLGAGGGCCCTTTGTGCGEEEEEEAGC

GGCTCGEGEEEETGCETGCETGTETGTGTGCOGTOGEGOEAGCGCCGCGTGCEECCCG

CGCTGCCCOGLCEGCTGTGAGCGCTGCGEECECEECGECEEEEECTTTGTGCGCTCC

GCGTGTGCGECGAGGGGAGCGCGGCCEEEEECEETGCCCCLECEETECEEEEEEG

CTGCGAGGGGAACAAAGGCTGCGTGCGGEETGTGTGCGTGEEEEEETEAGCAG

GEEGETGETGEECECEECEETCEEECTEGTAACCCCCCCCTGCACCCCCCTCCCCGAG

TTGCTGAGCACGGCCCGGECTTCOGETGCGEEEECTCCGTGCGEEEEEEGTGGECGECGEE

GGCTCGCCGTGCCGEEECEEEEEETGECGECAGLTOEEEETECCEEECEEEECE

GGGCCGCCTCGGEECCEEEEAGLGCTCGEEELAGGLECECELCGLGCCCCEEAGC

GCCGGCGGCTGTCGAGGCGCGLCGAGCCGCAGCCATTGCCTTTTATGGTAATCGT

GCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGLAGCCGAAATCTGG

GAGGCGCCGCCGCACCCCCTCTAGCGGLGCGCGLELGCGAAGCGLTGCEGECEGCCEEC

AGGAAGGAAATGGECEEELAGGLGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTT

CTCCATCTCCAGCCTCOGGOGGCTGCCGCAGGGGGACGGCTGCCTTCGGEEEEEAC

GGGEGCAGGGCGEEETTCOGCTTCTGGCOGTGTGACCOGLGCGLGCTCTAGAGCCTCTG
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CTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT

GITTGTGCTGTCTCATCATTTTGGCAAAGAATTGAATTCGTCGCCACCATGGAGCTG

ATTAAGGAGAACATGCACATGAAGC TG TACATGGAGGGCACCGTGGACAACCATCCALCT

TCAAGTGCACAT CCGAGGGLGAAGGCAAGCUCCTACGAGGGLCACCCAGACCATGAGAA

TCAAGGTGGTCGAGGGLGGLCCTCT CCCCTTCGCCTTCCGACATCCTGGCTACTAGCTT

COTCTACGGCAGCAAGACCTTCATCAACCACACCCAGGGCATCCCCGACTTCTTCAAG

CAGT CCTT CCCTGAGGG LT TCACATGGGAGAGAGT CACCACATACGAAGALGGGEEL

GITGCTGACCGL TACCCAGGACACCAGCUTCCAGGACGGCTGCCTCAT CTACAACGCTC

AAGATCAGAGGGGCTGAACT TCACAT CCAACGGLCCCTGTGATGCAGAAGAAAACACTCG

GCTGGGAGGU U TTCACCGAGACGUTGTACCCCGLTGACGGCGGCCTGGAAGGLAGA

AACGACATGGCCCTGAAGCTCGTGEGEGGAGCCATCTGAT CGCAAACAT CAAGALCC

ACATATAGATCCAAGAAACCCGCTAAGAACCT CAAGATGCCTGGLCGT CTACTATGTGGA

CTACAGACTGGAAAGAATCAAGGAGGUCCAACAACGAGACCTACGT CGAGCAGCALCGA

GGITGGCAGTGGCCAGATACTGCGACCT CCCTAGCAAACTGGGG CACAAGCTTAATTA

AGAATTCGGATCACGCGNGATT CGTCAGTAGGGTTGTAAAGGTTTTTCTTTTCCTGAG]

|AAAACAACCTTTTGTTTTCTCAGGTTTTGCTTTTTGGCCTTTCCCTAGCTTTEEEEEEEE@

|AAAGEEEEﬂGGTACCtgatttaattgcaaatctttgaaataatgcagacttaaatttataaattcatggaataaggtgattttattg

tgaaaaaatactcgtattttgttggaaaaacatctttttgttgtataatatgatgatatacggGATCCTTTCTTTCTTTAAAT)

[AATTTCTACTAAGTGTAGATAAAAGTGCCACTCCTTAGGHRAATAATTICTACTA

[AGTGIAGATAGATGAGATGGTGACAGATAAAATAATTTCTACTAAGTGTAGATC

TCCAGAGCCCGACTCGCCHAAATAATTICTACTAAGTGTAGATITCGGCTTGCGGG

GAGACTTCAAATIAATTTCTACTAAGTGTAGATICACCCTTCGGCCCGCCACCCRAA]

[TAATTTCTACTAAGTGTAGATAGAAAGGGAATCCCAGGGCARATAATTTCTIAC

| TAAGTGTAGATICTCCCTATCAGTGATAGAGAAAAT ARTTTCTACTARGTGTAGAT]

GITAACT T GT TTATTGCAGCT TATAATGGT TACAAATAAAGCAATAGCATCACAAATTTC

ACAAA TAAAGCAT T T T T T TCACTGCAT TCTAGTTGTGGTTTGTCCAAACTCATCAATGTAT

CTTATCATGTCTGGATC

[0160] From 5'-to 3'-end, the CAG promoter sequence 1s
double-underlined. The BFP sequence i1s 1talicized. The
triplex sequence 1s italicized and boxed. Each of the seven
CRISPR array sequences 1s boxed. Six of the 7 CRISPR
array sequences have a separator sequence AAAT, which 1s
bolded. The Lachnospiraceae bacterium leader sequence 1s
in small letters. And the SV40 terminator sequence 1s on the
3'-terminus, double underlined and italicized.

[0161] The seven target genes were selected partly
because of theiwr different baseline expression levels in
HEK293 cells (Hagemann-Jensen et al., Nature Biotech,
2020). Results showed that including the synthetic AAAT

separator increased activation levels of all target genes
compared to the array lacking the AAAT separator (FIG.
3E). The eflect size was modest (ranging from 1.1-fold to
8.0-fold), but consistent for all target genes (FIG. 3F). This
increase was also seen on the protein level, which we could
analyze for GFP (FIG. 3G). These results indicated that
including a short, AT-rich separator sequence between each
crRNA 1n a Casl2a CRISPR array increases the eflicacy of
CRISPR-activation.

[0162] The use of artificial separators derived from mul-
tiple bacterial species was also examined for the ability to
rescue poor GFP activation caused by a non-permissive
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non-targeting dummy spacer upstream ol the targeting
spacer 1n a CRISPR array (FIG. 3H).

[0163] Further, the enhanced Casl2a protein from
Acidaminococcus species was also shown to be sensitive to
GC content of an upstream non-targeting dummy spacer
(FIG. 3I). Its performance can be rescued using a TTTT
synSeparator derived from its natural separator (FIG. 31).

Example 6: A Casl3d/Casl2a CRISPR Hybnid

Array FEnables Simultaneous Upregulation and
Downregulation of Diflerent Genes

[0164] The purpose of this example 1s to demonstrate that
a Cas12/Casl13 CRISPR hybnd array can be used to simul-
taneously up- and downregulate genes in cells.

[0165] Whether a single CRISPR hybrid array can be used

to upregulate some genes while simultaneously downregu-
lating other genes was tested in this experiment. This
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hypothesis was tested using a similar experimental setup as
described previously, but using HEK293T cells carrying
both genomically integrated GFP driven by the TRE3G
promoter and a genomically integrated Tre3G gene driven
by the EF1a promoter. A CRISPR array was used containing
two Casl3d gRNAs targeting GFP mRNA and one Cas12a
gRNA targeting the CD9 promoter. Cells were transiected
with the CRISPR hybrid arrays and a dCasl2a-miniVPR
activator and Cas13d. Cells transiected with all three con-
structs were stained with a CD9-targeting antibody and
analyzed using flow cytometry to measure APC fluorescence
and GFP fluorescence. These cells show simultaneous
upregulation of CD9 and downregulation of GFP (FIG. 7C)
demonstrating that a single CRISPR hybrid array can
specily some genes for upregulation by one protein and
other genes for downregulation by another Cas protein.
[0166] The full length sequence of the construct, used 1n
FIG. 7C, 1s provided in SEQ 1D NO: 117.

(SEQ ID NO: 117)

GTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAAT

ITTTGTAT T TATT TAT T T I T TAAT TATTT TGTGCAGCGATGEGEEGECEEEEEEEEEEE

GGGCGCGCGCCAGGCGEEEEGHLEEEGEEGECGEAGEEELEGEEECEEEECGEAGECE

GAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTT TAT

GGCGAGGCGGCGGCGGCGECGLGCCCTATAAALAAGCGAAGCGCGCEECEEEEGEE

GAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCOGCCTCGCGCCGCCC

GCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGLGLCGLGLACGGCCC

TTCTCCTCCGGGCTGTAAT TAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGT

GGCTGCGTGAAAGCCTTAAAGGGCTCCGGGAGGGCCCTTTGTGCEGEEEEEGAGC

GGCTCOGEGEEEETGCETGCETGTGTGTGTGCETGEGEEAGCGCCGCETGCGECCCEG

CGCTGCCCGECEECTGTGAGCGCTGCGEGECEGCEGECECEEEECTTTGTGCGCTCC

GOGTGTGCGCGAGGGGAGCGCGGECCEEEEECEETGCCCCGCEETECEEEEEEE

CTGCGAGGGGAACAAAGGCTGCGETGCOEEGETGTGTGCGTGEEEEEETGAGCAG

GEGGETGTGEECECEECEETCGGECTGTAACCCCCCCCTGCACCCCCCTCCCCGAG

TTGCTGAGCACGGCCCGEGECTTCGEETGCGEEGCTCCGTGCGEEGECETGECECGEE

GGCTCGCCGETGCCGEECEEEELETGGECEECAGGTGEEEETECCEEECEEEECE

GGGCCGCCTCGEGECGLEEEAGGLGCT CGLEEEEAGLEELECGCLGLCGECCCCGLGAGT

GCCGGCGGECTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCGT

GCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATC TG

GAGGCGCCGCCGCACCCCCTCTAGCGGECGCOGGECGAAGCGLTGCEGGCGCCEEL

AGGAAGGAALATGEEECEEEEAGELCCTTCGTGCEGTCGCCGCGCCGCCGTCCCCTT

CTCCATCTCCAGCCTCGGEEGECTGCCGCAGGLGLGACGGCTGCCTTCEEEEEEGEAL

GGGEGCAGGGCGEGLGTTCOGCTTCTGGCGTGTGACCGGCGGectctagagectectgectaaccatgtte

catgccttettetttttectacagetectgggcaacgtgetggttgttgtgetgtectcatcattttggcaaagaattgaattegtegecaccAT

GGAGCTGAT TAAGGAGAACATGCACATGAAGC TG TACATGCGAGGGCACCGTGGACAA

CCATCACTTCAAGTGCACAT CCCGAGGGLGAAGGCAAGUCCTACGAGGGCACCCAGALC

CATGAGAATCAAGCGTGG T CCGAGGGCGEGLCCTCTCCCCTTCGCCTTCGACATCCTEGC
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TACTAGCT TCCTCTACGGCAGCAAGACCTT CATCAACCACACCCAGGGCAT CCCCGAL

T T TCAAGCAGTCCTT CCCTGAGGGL TTCACATGCGCGAGAGAGT CACCACATACGAAG

ACGGGGEGLUGCTGUCTGACCGCTACCLCAGGACACCAGCCTCCAGGACGGLTGCCTCATCT

ACAACGTCAAGAT CAGAGGGGTGAACT TCACATCCAACGG CCCTGTGATGCAGAAGAA

AACACTCGGCTGGGAGGUCTTCACCGAGACGLC TG TACCCLGLCTGACGGLGGCCTGGA

AGGCAGAAACGACATGGCCCTGAAGCT CGTGCGLGEGAGCCAT CTGAT CGCAAACAT

CAAGACCACATATAGAT CCAAGAAACCCGCTAAGAACCTCAAGATGCUTGGCGTCTALCT

ATGTGCGACTACAGACTGGAAAGAAT CAAGGAGGCCAACAACGAGACCTACGT CGAGCA

GCACGAGGTGGCAGTGG CCAGATACTGCGACCTCCCTAGCAAACTGGGGCACAAGLCT

TAATtaagaatt cGGATCACGCGTGATTCGTCAGTAGGGTTGTAAAGGTTTTTCTTTTCC TG

[AGAAAACAACTTTTGTTTTCTCAGGTTTTGCTTTTTGGCCTTTCCCTAGCTTTAAAAAAA]

|AAAAAGCAAAAbgtaccTGATTTAATTGCAAATCTTTGAAATAATGCAGACTTAAATT

TATAAATTCATGGAATAAGGTGATT TTATTGTGAAAAAATACTCGTATTTTGTTG

GAAAAACATCTTTTTGTTGTATAATATGATGATATACGGGATCCTTTCTTTCAAG

TAAACCCCTACCAACTGGTCGGGGTTTGAAACggtgctcaggtagtggt tgtcggghAATA

ATTTCTACTAAGTGTAGATaaaagtgccactccttagggCAAGTAAACCCCTACCAACTG

GTCGGGETTTGAAAATGTGGTCGGGGTAGCGGCTGAAGAAATAATTTCTA

CTAAGTGTAGATgL taac T IGT T TAT TGCAGCTTATAATGGTTACAAATAAAGCAATAGCA

T CACAAA T T T CACAAA T A AGCA T T T T T T T CACTGCAT T CTAGT TCTGCGTTTGCTCCAAALCT

CATCAATGTATCTTATCATGTCTGGATC

[0167] From 5'-to 3'-end, the CAG promoter sequence 1s
double-underlined. The BFP sequence i1s 1talicized. The
triplex sequence 1s 1talicized and boxed. Fach of the seven
CRISPR array sequences 1s boxed. The Lachnospiraceae
bacterium leader sequence 1s bold underlined. And the SV40
terminator sequence 1s on the 3'-terminus, double underlined
and 1talicized. The Casl3d CRISPR-repeat sequence 1is
bolded. The Casl2a CRISPR-repeat 1s bolded and double
underlined. The GFP-targeting Cas13d spacer #1 1s 1n low-
ercase 1talics. The CD9-targeting Cas12a spacer 1s lowercase

underlined. The GFP-targeting Cas13d spacer #1 1s bolded
and boxed.

[0168] Next, whether the order of Casl3d and Casl2a
gRNAs on the single CRISPR hybrid array matters for gene
modulation eflicacy was examined. The same experimental

three Cas13d gRNAs for gene downregulation. Some array
designs contained a triplex sequence between the Casl2a
and Cas13d gRNAs. The triplex sequence forms a stabiliz-
ing RNA secondary structure that stabilizes the upstream
transcript (Campa et al., Nature Methods, 2019). The
CRISPR arrays contained six gRINAs, but in this experiment
only two target genes were measured (CD9 and GFP) to
assess the performance of each array design. These con-
structs were used 1n FIG. 7D. For FIG. 7D, the sequences

upstream of the downstream of the CRISPR arrays were

identical to the above sequence SEQ ID NO:117 ((1.e., the
sequence ending with .. ATCCTTTCTTT, and the sequence
starting with gttaacttgtttatt...). The CRISPR arrays them-
selves had the following sequences: Design A construct,

used in FIG. 7D, 1s provided in SEQ 1D NO: 118 as follows:

(SEQ ID NO: 118)

CAAGIAAACCCCIACCAACTGGICGGGGTITIGAAACATGTGGTCGOGOGGTAGCGGCTG

AAGCAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAAqETGTACTGGTGGATGTCC

[TCARRANCAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAACCTGGTGAGGATTCCA

GICGCIGICAAATAATTTCTACTAAGT GTAGAT aaaagtgecactecttaggg AAATAATTT

CTACTAAGTGTAGATAGATGAGATGGTGACAGATARAATAATTTCTACTAAG

TGTAGAT caggagggigactcaggCla AAATAAT TTCTACTAAGTGTAGAT

setup was used as 1 FIG. 7C. CRISPR arrays were designed
that carried three Casl2a gRNAs for gene upregulation and

[0169] The Casl3d CRISPR-repeat sequence is 1n 1talics.
The Casl2a CRISPR-repeat sequence 1s bolded. The GFP-



US 2024/0110175 Al

targeting Casl3d spacer sequence 1s double underlined. The
HRAS-targeting Cas13d spacer 1s boxed. The SMARCA4-
targeting Cas13d spacer sequence 1s 1talicized and under-
lined. The CD9-targeting Casl2a spacer sequence 15 lower-
case. The IFNG-targeting Cas12a spacer sequence 1s bolded
and boxed. The IL1RN-targeting Cas12a spacer sequence 1s
italicized 1n lowercase.

[0170] The Design B construct, used i FIG. 7D, 1is

provided in SEQ ID NO: 119 as follows:

Apr. 4, 2024

CAAGTAAACCCCTACCAACTGCTCGEEETTTGAAACATETGET CGGEETAGCGLCTG

AAGCAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAACCTIGTACTGGTGGATGTCC

[TCARARRCAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAACCTGGTGAGGATTCCA

GTCGCTGT CCAAGTAAACCCCTACCAACTGGT CGGEGTTTGAAACGATTCGTCAGTA

GGGET TGTAAAGGTT TTTCTTT TCCTGAGAAAACAACCTTTTGTTTTCTCAGGT

ITTGCTTTTTGGCCTTTCCCTAGCTTTAAAAAAAAAARAGCAAAAARAATAATT

TCTACTAAGTGTAGATaaaagtgccactecttagggAAATAATTTCTACTAAGTGTAGAT

|EGRTGRGRTGGTGRCAGRTRBAETRRTTTCTRCTERGTGTRG&Tcaggagggtgac

tcaggctaAAATAATTTCTACTAAGTGTAGAT

[0171] The Casl3d CRISPR-repeat sequence is in 1talics.
The Casl2a CRISPR-repeat sequence 1s bolded. The GFP-
targeting Cas13d spacer sequence 1s double underlined. The
HRAS-targeting Cas13d spacer 1s boxed. The SMARCA4-
targeting Cas13d spacer sequence 1s 1talicized and under-
lined. The CD9-targeting Casl2a spacer sequence 15 lower-

case. The IFNG-targeting Cas12a spacer sequence 1s bolded
and boxed. The IL1RN-targeting Casl2a spacer sequence 1s
italicized in lowercase. The triplex sequence 1s bolded and

underlined.
[0172] The Design C construct, used i FIG. 7D, 1is

provided 1n SEQ ID NO: 120 as follows:

AAATAATTTCTACTAAGTGTAGATaaaagtgccacteccttagggAAATAATTTCTACTAAG

TGTAGATRGATGAGATGGTGACAGATAAAATAATTTCTACTAAGTGTAGAT C

aggagggtgact caggctaCAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAACATGTGGTC

GGGGTAGCGGCTGAAGCAAGTAAACCCCTACCAACTGGT CGGGGTTTGAAAQCTGT

ACTGGTGGATGTCCTCAAARACAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAACC

TGGTGAGGAT TCCAGTCGCTGTCCAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAA

C

[0173] The Casl3d CRISPR-repeat sequence 1s in 1talics.
The Casl2a CRISPR-repeat sequence 1s bolded. The GFP-
targeting Cas13d spacer sequence 1s double underlined. The
HRAS-targeting Cas13d spacer 1s boxed. The SMARCA4-
targeting Cas13d spacer sequence 1s 1talicized and under-
lined. The CD9-targeting Casl2a spacer sequence 1s lower-
case. The IFNG-targeting Cas12a spacer sequence 1s bolded
and boxed. The IL1RN-targeting Cas12a spacer sequence 1s
italicized 1n lowercase.

[0174] The Design D construct, used in FIG. 7D, 1s
provided 1n SEQ ID NO: 121 as follows:

AAATAATTTCTACTAAGTGTAGATaaaagtgccacteccttagggAAATAATTTCTACTAAG

TGTAGAThGATGAGATGGTGACAGATAhAATAATTTCTACTAAGTGTAGATC

aggagggtgactcaggctaAAATAATTTCTACTAAGTGTAGATGATTCGTCAGTAGGGT
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-continued

TGTAAAGGTTTT TCTTTTCCTGAGAAAACAACCTTTTGTTTTCTCAGGTTTTG

CTTTTTGGCCTTTCCCTAGCTTTAAAAARAAAAAAGCAAAACAAGTAAACCCCT

Apr. 4, 2024

ACCAACTGCTCGEEETTTGAAACATGTGGETCGGEETAGCGGCTGAAGCAAGTAAAL

CCCTACCAACTGGTCGGGGTTTGAAACkTGTACTGGTGGATGTCCTCAAAAhAAGTA

AACCCCTACCAACTGETOGGEETTTGAAACCTGG TGAGGATTCCAGT CGCTGT CCAAG

TAAACCCCTACCAACTGGTCGGEGETTTGAAAC

[0175] The Casl3d CRISPR-repeat sequence 1s in 1talics.
The Casl2a CRISPR-repeat sequence 1s bolded. The GFP-
targeting Cas13d spacer sequence 1s double underlined. The
HRAS-targeting Cas13d spacer 1s boxed. The SMARCA4-
targeting Cas13d spacer sequence 1s 1talicized and under-
lined. The CD9-targeting Casl2a spacer sequence 1s lower-
case. The IFNG-targeting Cas12a spacer sequence 1s bolded
and boxed. The IL1RN-targeting Cas12a spacer sequence 1s
italicized 1n lowercase. The triplex sequence 1s bolded and
underlined.

[0176] The Design M construct, used m FIG. 7D, 1s
provided 1 SEQ ID NO: 122 as follows:

CAAGTAAACCCCTACCAACTGGTCGEEETTTCGAAACATGTGGETCGGLETAGCGGCTG

AAGAAATAATTTCTACTAAGTGTAGATaaaagtgccactecttagggCAAGTAAACCCCTAC

CAACTGGTCGGGGTTTGAAACCTGTACTGGTGGATGTCCTCAAAHAAATAATTTCT

ACTAAGTGTAGATFGATGAGATGGTGACAGATA#AAGTAAACCCCTACCAACTG

GTCGGEETTTGAAACCTGG TGAGGATT CCAGT CGCTGTCAAATAATTTCTACTAAG

TGTAGATcaggagggtgactcaggetaCAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAAC

[0177] The Cas13d CRISPR-repeat sequence 1s 1n 1talics.
The Casl2a CRISPR-repeat sequence 1s bolded. The GFP-
targeting Cas13d spacer sequence 1s double underlined. The
HRAS-targeting Cas13d spacer 1s boxed. The SMARCA4-
targeting Cas13d spacer sequence 1s 1talicized and under-
lined. The CD9-targeting Casl2a spacer sequence 1s lower-
case. The IFNG-targeting Cas12a spacer sequence 1s bolded
and boxed. The IL1RN-targeting Casl2a spacer sequence 1s
italicized 1n lowercase.

[0178] Two days aiter transiection, cells were prepared for
flow cytometry as described in the methods above. The

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 122

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 1

aatttctact aagtgtagat

experiment showed that all array designs led to simultaneous
upregulation of CD9 by dCasl2a-min1VPR and downregu-
lation of GFP by Casl3d (FIG. 7D). These results demon-
strate that various designs for CRISPR hybrid arrays can be
used for simultaneous up- and downregulation of genes.
[0179] While particular alternatives of the present disclo-
sure have been disclosed, it 1s to be understood that various
modifications and combinations are possible and are con-
templated within the true spirit and scope of the appended
claims. There 1s no intention, therefore, of limitations to the
exact abstract and disclosure herein presented.

20
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<210> SEQ ID NO 2

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 2

caagtaaacc cctaccaact ggtcggggtt tgaaac

<210> SEQ ID NO 3

<211> LENGTH: 4

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 3

aaat

<210> SEQ ID NO 4

<211> LENGTH: 5

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 4

ttata

<210> SEQ ID NO 5

<211> LENGTH: 5

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 5

attaa

<210> SEQ ID NO b6

<211> LENGTH: 7

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 6

tataatt

<210> SEQ ID NO 7
<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 7

cctggaggag aagaggaaag aga

<210> SEQ ID NO 8

<211l> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

23
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«220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 8

ttgaggacct ctgtgtattt gtcaa

<210> SEQ ID NO 9

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 9

caccaagtgc atcaaatacc tg

<210> SEQ ID NO 10

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 10

gtttcttgct cgaagatgcect ¢

<210> SEQ ID NO 11

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 11

tcggtaactg acttgaatgt cca

<210> SEQ ID NO 12

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 12

tcgetteccet gttttagetg ¢

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 13

ttgccgcaaa gtgtgtaacyg

<210> SEQ ID NO 14

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 14

24
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gtcaccccta aatgccaccy

<210> SEQ ID NO 15

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 15

gagtctccat gttcaacagc a

<210> SEQ ID NO 16

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 16

tcccaacgcet cgaatatgaa g

<210> SEQ ID NO 17

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 17

tacagctcca cctatctace a

<210> SEQ ID NO 18

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 18

acatctctta ttttctceccac cca

<210> SEQ ID NO 19

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 19

aggagttcgt ctcecttacgte t

<210> SEQ ID NO 20

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 20

tgaaatacca gcaacaggac a

25
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<210> SEQ ID NO 21

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 21

acttcaagag cgccatcca

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 22

gtcttgaagg cgtgctggta

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 23

aaaagtgcca ctccttaggyg

<210> SEQ ID NO 24

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 24

agatgagatg gtgacagata

<210> SEQ ID NO 25

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 25

ctccagagec cgactcgecg

<210> SEQ ID NO 26
<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 26

tcggcttgeg gggagacttce

<210> SEQ ID NO 27

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

26

-continued
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220>
<223 >

<400>

FEATURE:
OTHER INFORMATION: Synthetic construct

SEQUENCE: 27

cacccttecgg cccecgecaccec

<210>
<211>
<212 >
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 28

agaaagggaa tcccagggcc

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

SEQ ID NO 29

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE::

OTHER INFORMATION: Synthetic construct

SEQUENCE: 29

ctcecctatca gtgatagaga

<210>
<211>
«212>
<213>
<220>
<223>

<400>

gtyta

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 30

LENGTH: 5

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 30

SEQ ID NO 31

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 31

cgccaaacgt gccctgacgg t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 32

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE : 32

cgccaaacgt gccctgacgg g

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

SEQ ID NO 33

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 33

27
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gtcaaaagac cttttt

<210> SEQ ID NO 34

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 34

gtcaaaaggc cttttt

<210> SEQ ID NO 35

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 35

gtttgaataa ccttaaat

<210> SEQ ID NO 36

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 36

gtttgaatag ccttaaat

<210> SEQ ID NO 37

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 37

gtttgaataa tcttaaat

<210> SEQ ID NO 38

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 38

gtctaagaac tttaaat

<210> SEQ ID NO 39

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 39

ctctaataag agatatg

23
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<210> SEQ ID NO 40

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 40

ctctaatagg agatatyg

<210> SEQ ID NO 41

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 41

cgctaatagg agatatg

<210> SEQ ID NO 42

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 42

gtttcaaaga ttaaat

<210> SEQ ID NO 43

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 43

gtttcaaaga ttgaag

<210> SEQ ID NO 44

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 44

ttttaaaaga ttgaaa

«<210> SEQ ID NO 45
<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 45
agcttagaac atttaaaa
<210> SEQ ID NO 46
<211> LENGTH: 18

<212> TYPE: DNA
<213> ORGANISM: Artificial sequence

29
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«220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 46

tgcttagaac atttaaag

<210> SEQ ID NO 47

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 47

ctctaaagag aggaaag

<210> SEQ ID NO 48

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 48

gtctaacgac ctttta

<210> SEQ ID NO 49

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 49

ctcaaaactc attcg

<210> SEQ ID NO 50

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 50

gtttaaaagt cctattg

<210> SEQ ID NO 51

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 51

gccaaatacc tctataa

<210> SEQ ID NO 52

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 52
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gtctaggtac tctcecttt

<210> SEQ ID NO 53

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 53

gtcaataaga ctcattt

<210> SEQ ID NO 54

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 54

atcaataaga ctcattt

<210> SEQ ID NO 55

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 55

gcctataagg ctttagt

<210> SEQ ID NO 56

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 56

agctataagg ctttagt

<210> SEQ ID NO 57

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 57

tgctataagg ctttagt

<210> SEQ ID NO 58

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 58

gcctataagg cttcagt
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<210> SEQ ID NO 59

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 59

gtccaaagga cggatta

<210> SEQ ID NO 60

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 60

gtctaagact taaagat

<210> SEQ ID NO 61

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 61

gtctaagact taaagtt

<210> SEQ ID NO 62

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 62

gtctaagact taaagaaa

<210> SEQ ID NO 623

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 63

gttttagaac cttaaaat

<210> SEQ ID NO 64
<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 64
gttttagaac cttaaaa
<210> SEQ ID NO 65
<211l> LENGTH: 18

<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
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«220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 65

gttttataac cttaaaaa

<210> SEQ ID NO 66

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 66

gtcttagaac cttaaaa

<210> SEQ ID NO 67

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 67

gttttagaac ctttaaaa

<210> SEQ ID NO 68

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 68

gtctaagcct tagctta

<210> SEQ ID NO 69

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 69

gttgagactg taagcga

<210> SEQ ID NO 70

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 70

gttgaaactg taagcgg

<210> SEQ ID NO 71

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 71
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gtcgaaactg taagcga

<210> SEQ ID NO 72

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 72

gttaaaactg taaacgg

<210> SEQ ID NO 73

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 73

gttgaaaccg taagcgg

<210> SEQ ID NO 74

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 74

gttgaaactg taaagaa

<210> SEQ ID NO 75

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 75

gttgaaactg taagaaa

<210> SEQ ID NO 76

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 7o

gttgaaactg tgagaaa

<210> SEQ ID NO 77

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 77

gttaagactg caagga
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<210> SEQ ID NO 78

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 78

gttaaaactg taagcgg

<210> SEQ ID NO 79

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 79

attgaaactg taaaga

<210> SEQ ID NO 80

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 80

gtctgaaact gtaaacgyg

<210> SEQ ID NO 81

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 81

gttgaagctg taagcaa

<210> SEQ ID NO 82

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 82

gttgaatctg tacgga

<210> SEQ ID NO 823
<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 83
gctgagattg taaagtga
<210> SEQ ID NO 84
<211l> LENGTH: 17

<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
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«220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 84

gttgggactg tgagcca

<210> SEQ ID NO 85

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 85

gttgatactg tgagcgg

<210> SEQ ID NO 86

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 86

gttgaaactg ttagggg

<210> SEQ ID NO 87

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 87

gtagacgatg aagcga

<210> SEQ ID NO 88

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 88

attgaggccg taagcaa

<210> SEQ ID NO 89

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 89

gtttaaaacc actttaa

<210> SEQ ID NO 90

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 950
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gttaaataat aagaaag

<210> SEQ ID NO 91

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 91

gttaaataat daadaadad

<210> SEQ ID NO 92

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 92

ataaaataat daadaadad

<210> SEQ ID NO 93

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 93

gtctaacgac cttcta

<210> SEQ ID NO %94

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 954

ggctacataa agcctat

<210> SEQ ID NO 95

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 95

ggctacataa agcctgt

<210> SEQ ID NO 96

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 96

tgctacataa agcctgt
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<210> SEQ ID NO 97

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 97

ggctacttaa agcctat

<210> SEQ ID NO 98

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 98

gcttagaacc tttaaat

<210> SEQ ID NO 99

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 99

gcttaatcaa cccttag

<210> SEQ ID NO 100

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 100

gtttaatcaa cccttag

<210> SEQ ID NO 101

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 101

gtttaataat cctttag

<210> SEQ ID NO 102
<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 102
gtctaaaggc cttataa
<210> SEQ ID NO 103
<211l> LENGTH: 18

<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
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220>
<223 >

<400>

FEATURE:
OTHER INFORMATION: Synthetic construct

SEQUENCE: 103

gatttgaaag catctttt

<210>
<211>
<212 >
<213>
<220>
<223>

<400>

SEQ ID NO 104

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 104

tatttgaaag catctttt

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

SEQ ID NO 105

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE::

OTHER INFORMATION: Synthetic construct

SEQUENCE: 105

aatttgaaag catctttt

<210>
<211>
«212>
<213>
<220>
<223>

<400>

SEQ ID NO 106

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 106

agtttgaaag catatttt

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 107

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 107

gatttgaaag catatttt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 108

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 108

tatttggaag cacatttt

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

SEQ ID NO 109

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 109
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catttggaag

<210>
<211>
«212>
<213>
«220>
<223>

<400> SEQUENCE:

aatttggaag

<210>
<211>
<212 >
<213>
<220>
<223 >

<400> SEQUENCE:

tgtttggaag

<210>
<«211>
«212>
<213>
«220>
<223 >

<400> SEQUENCE:

aatttctact

<210>
<211>
<«212>
<213>
<220>
<223 >

<400> SEQUENCE:

gtgagcccca

Catttattta

gcecagygceyydy

agccaatcag
gccctataaa

ccegetecge

ggtgagcggyg

gctegtttet

cygg999949g94a9y

gcccocgegcety

cgtgtgcegceyg

ggaacaaagyg

cggtcecgggct

tcgggtgegy

catatttt

SEQ ID NO 110
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

18
DNA

110

cacatttt

SEQ ID NO 111
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

18
DNA

111

catatttt

SEQ ID NO 112
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

1%
DNA

112

cttgtagat

SEQ ID NO 113
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

2801
DNA

113

cgttetgett

CCCCttaatt

gcyggygygcyyy

agcegygedegce

aagcgaagcyg

gccgectege

CcdygdacygygcCccC

tttetgtggce

cggcetegggy

ccoggeggcet

aggggadgcege

ctgcegtgcegy

gtaacccccc

ggctccgtgce

cactctcccc

attttgtgca

gcgaygygycy

tccgaaagtt

cgcggceygge

gccgeocogcod

Cttctccectcec

tgcgtgaaag

ggtgcgtgceg

gtgagcgctyg

Jgccygyggygge

ggtgtgtgceyg

cctgcacccc

ggggcgtggce

Synthetic construct

Synthetic construct

Synthetic construct

Synthetic construct

atctccoccoccecce

gcgatggggy

g99cygyggcy

tccttttatg

gggagtcgct
ccggcetcetga

gggctgtaat

ccttaaaggy

tgtgtgtgtg

cygggcgegge

ggtgccccgce

tgggggggty

ccteccocgag

gcggggcetceg

40

-continued

cctcecceccoccacce

CY99999999

aggcyggagay

gcgagygcegyge

gcgttgectt

ctgaccgegt

tagcgcettygy

ctccgggagg

cgtggggagce

gﬂggggﬂttt

ggtgcggggy

agcagggggt

ttgctgagca

Cﬂgtgﬂﬂggg

cccaattttg

gggggcgceyge

gtgcggegge

g9gcgygcgged

cgcccegtgce

tactcccaca

tttaatgacy

gccctttgty

gcecgegtgeg

gtgcgctcecy

ggctgcgagyg

gtgggcgcegy

cggccaeggcet

cggggggtgyg
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cggcaggtgg
gggcgcyggcey
ttttatggta
gaaatctggg
ggcaggaagdy
catctccagc
cggggttcgg
CcCcttcttctt
ttggcaaaga
gctgtacatg
caagccctac
cttcecgecttc
cacccagggc
agtcaccaca
cggctgectc
gatgcagaag
cggcctggaa
aaacatcaag
ctactatgtyg
gcagcacgag
taattaagaa
tgagaaaaca
aaaaaaaagc
ttataaattc
aacatctttt
ctactaagtyg
gatgagatgg
ccgaaataat
taagtgtaga
gggaatccca

aataatttct

aaagcaatag

gtttgtccaa

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

SEQUENCE :

gggtgccggyg

gccccecggagce

atcgtgcgag

aggcgecygcec

aaatgggcgg

ctcggggctg

cttctggegt
tttcctacag

attgaattcyg

gagdycaccy

gagggcaccc

gacatcctgg

atccccgact

tacgaagacyg

atctacaacg

aaaacactcg

ggcagaaacg

accacatata

gactacagac

gtggcagtgg

ttcggatcac

accttttgtt

aaaaggtacc

atggaataag

tgttgtataa

tagataaaag

tgacagataa

ttctactaag

tcacccttcg

gggccaaata

actaagtgta

catcacaaat

actcatcaat

SEQ ID NO 114
LENGTH: 4

TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

DNA

114

cggggcyggygy
gccggeggcet
agggcgcady
gcaccccctce
ggagggcctt
ccygcagyggdydy
gtgaccggceg
ctcectgggcea
tcgccaccat
tggacaacca
agaccatgag
ctactagctt
tcttcaagca
ggggcgtgcet
tcaagatcag
gctgggaggce
acatggccct
gatccaagaa
tggaaagaat
ccagatactg
gcgtgattcyg
ttctcaggtt
tgatttaatt
gtgattttat
tatgatgata
tgccactcct
aataatttct
tgtagattcg
gcccogcocace
atttctacta

gatgttaact

ttcacaaata

gtatcttatc

ccgecteggy

gtcgaggege

gacttccttt

tagcgggcgc

cgtgcegtcogce

acggctgect

gctctagagce

acgtgctggt

ggagctgatt

tcacttcaag

aatcaaggtyg

cctcectacggc

gtccttceect

gaccgctacc

aggggtgaac

cttcaccgayg

gaagctcgtyg

acccgctaag

caaggaggcc

cgacctccct

tcagtagggt

ttgctttttyg

gcaaatcttt

tgtgaaaaaa

tacgggatcc

tagggaaata

actaagtgta

gcttgegggy

caaataattt

agtgtagatc

tgtttattgc

aagcattttt

atgtctggat

Synthetic construct

41

-continued

ccyggyggayggy
ggcgagccgc
gtcccaaatc
gdgcgaadcg
cgocgaecgecy
tcggggggga
ctctgctaac
tgttgtgctyg
aaggagaaca
tgcacatccy
gtcgagggcyg
agcaagacct
gagggcttca
caggacacca
ttcacatcca

acgctgtacc

ggcgggagec

aacctcaaga

aacaacgaga

agcaaactgg

tgtaaaggtt

gcctttcocect

gaaataatgc

tactcgtatt

CCCLCtLttctt

atttctacta

gatctccaga

agacttcaaa

ctactaagtg

tcccectatcag

agcttataat

ttcactgcat

ctcgggggag
agccattgcec
tggcggagcec
gtgcggcgcc
tccocecttete
cgggdgcagyggd
catgttcatyg
Cctcatcatt

tgcacatgaa

agggcgaaddy

gCCCtCtCCC

Ccatcaacca

catgggagag

gcctcoccagga

acggccctgt

ccgctgacygg

atctgatcgce

tgcctggegt

cctacgtcega

ggcacaagct

CECLCLLLLtCC

agctttaaaa

agacttaaat

ttgttggaaa

taaataattt

agtgtagata

gcccgactcyg

taatttctac

tagatagaaa

tgatagagaa

ggttacaaat

tctagttgtyg

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2801
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Lttt

<210>
<211>
«212>
<213>
«220>
<223>

<400>

Ctta

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

attt

<210>
<«211>
«212>
<213>
«220>
<223 >

<400> SEQUENCE:

gtgagcccca

tatttattta

gecaggceddy

agccaatcag

gccctataaa

ccegetecgc

ggtgagcggyg

gctcegtttet

cygg999949g94a9y

gccogegcety

cgtgtgegceg

ggaacaaagyg

cggtcgggct

tcgggtgedgg

cggcaggtgg

gggcegcegygcey

ttttatggta

gaaatctggy

ggcaggaaygy

catctccagc

SEQUENCE :

SEQUENCE :

SEQ ID NO 115
LENGTH: 4

TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

DNA

115

SEQ ID NO 116
LENGTH: 4

TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

DNA

116

SEQ ID NO 117
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

2653
DNA

117
cgttetgett

CCLtttaatt

geggggcdddy

agceggedegce

aagcgaagcyg

gccgectege

CcygygacgyCcC

tttcotgtggce

cggcetegggy

ccoggegygcet

aggggagcegc

ctgcegtgcegy

gtaacccccec

ggctccgtygce

gggtgccggy

gccceccecggagce

atcgtgcgag

aggcgcocgcec

aaatgggcgg

Ctﬂggggﬂtg

cactctcccc

attttgtgca

gegagyggygcd

tccgaaagtt

cgcggcedgge

gccgeccgcec

cttctccectcec

tgcgtgaaag

ggtgcgtgceg

gtgagcgetyg

ggccygyggyge

ggtgtgtgceyg

cctgcacccce

ggggcgtggce

CY999cy9ggy

gﬂﬂggﬂggﬂt

agggcgceagy

gcaccccctc

ggagggcctt

ccgcagyyyy

Synthetic construct

Synthetic construct

Synthetic construct

atctcceccecece

gcgatggggyg

Jg9gcyggggcd

tccottttatg

gggagtcgct

ccggcetetga

gggctgtaat

ccttaaaggy

tgtgtgtgtg

cygygcgceyggce

ggtgccceccygce

tgggggggty

cctececcecgay

gcggggeteg

ccgecteggy

gtcgaggcegce

gacttccttt

tagcgggcgce

cgtgcgtcgc

acggctgcect

42

-continued

cctececceccace

999999999

aggcggagag

gcegaggcegge

gcgttgectt

ctgaccgcecgt

tagcgcttygyg

ctccgggagg

cgtggggagce

gcggggcttt

ggtgcggggy

agcagggggt

ttgctgagca

Cﬂgtgﬂﬂggg

ccggygaygyy

gycdagccycC

gtcccaaatc

gggcdaagced

cgcgecgcecyg

tcggggggga

cccaattttyg

ggdgggcgege

gtgcggeggc

g9gcgdgcggcd

cgcccegtgce

tactcccaca

tttaatgacg

gccctttgtyg

gcecgegtgeg

gtgcgctecy

ggctgcgagyg

gtgggcgcegy

cggcecocggcet

cggggggtgyg

ctcgggggayg

agccattgcc

tggcggagcc

gtgcggegec

ccceccttcecte

cygggycaygygy

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200
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cggggttcegg

cCcttcttctt
ttggcaaaga
gctgtacatg
caagccctac
cttcegecttce
cacccagggc
agtcaccaca
cggctgectc
gatgcagaag
cggcctggaa
aaacatcaag
ctactatgtyg
gcagcacgag
taattaagaa
tgagaaaaca
aaaaaaaagc
ttataaattctc
aacatctttect
accaactggt
taagtgtaga
ttgaaacatyg
Cttgtttatctt
taaagcattt
tcatgtctgy
<210>
<21l>
<212>
<213>

«220>
<223 >

<400> SEQUENCE:

caagtaaacc

caagtaaacc

caagtaaacc

aaataatttc

gtgtagatag

tgactcaggc

cttctggegt
tttcctacag

attgaattcyg

gagdgcaccyd

gagggcaccc

gacatcctgy

atccccgact

tacgaagacyg

atctacaacg

aaaacactcg

ggcagaaacyg

accacatata

gactacagac

gtggcagtgg

ttcggatcac

accttttgtt

aaaaggtacc

atggaataag

tgttgtataa

cggggtttga

taaaagtgcc

tggtcggggt
gcagcttata

ttttcactgc

atc

SEQ ID NO 118
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

336
DNA

118

cctaccaact

cctaccaact

cctaccaact

tactaagtgt

atgagatggt

taaaataatt

<210> SEQ ID NO 1195

<«211> LENGTH:

482

gtgaccggceg
ctcctgggcea
tcgccaccat
tggacaacca
agaccatgag
ctactagctt
tcttcaagca
ggggcgtgcet
tcaagatcag
gctgggaggce
acatggccct
gatccaagaa
tggaaagaat
ccagatactg
gcgtgattcg
ttctcaggtt
tgatttaatt
gtgattttat
tatgatgata
aacggtgctc
actccttagg
agcggctgaa
atggttacaa

attctagttyg

ggtcggggtt

ggtcggggtt

ggtcggggtt

agataaaagt

gacagataaa

tctactaagt

gctctagagce

acgtgctggt

ggagctgatt

tcacttcaag

aatcaaggtyg

cctectacggce

gtccttcecect

gaccgctacc

aggggtgaac

cttcaccgag

gaagctcgtyg

acccgctaag

caaggaggcc

cgacctcccet

tcagtagggt

ttgctttttyg

gcaaatcttt

tgtgaaaaaa

tacgggatcc

aggtagtggt

gcaagtaaac

gaaataattt

ataaagcaat

tggtttgtec

Synthetic construct

tgaaacatgt

tgaaacctgt

tgaaacctgy

gccactcctt

ataatttcta

gtagat

43

-continued

ctctgctaac

tgttgtgctg

aaggagaaca

tgcacatccg

gtcgagggceyg

agcaagacct

gagggcttca

caggacacca

ttcacatcca

acgctgtacc

ggcgggagcec

aacctcaaga

aacaacgaga

agcaaactgg

tgtaaaggtt

gcctttecect

gaaataatgc

tactcgtatt

CCCLCtttcaa

tgtcgggaaa

ccctaccaac

ctactaagtg

agcatcacaa

aaactcatca

ggtcggggdta

actggtggat

tgaggattcc

agggaaataa

ctaagtgtag

catgttcatg
Cctcatcatt
tgcacatgaa
agggcgaagy
gcectetecc
tcatcaacca
catgggagag
gcctceccagga
acggccctgt
ccgcectgacgyg
atctgatcgce
tgcctggegt
cctacgtcecga
ggcacaagct
CCCcttttcCcC
agctttaaaa
agacttaaat
ttgttggaaa
gtaaacccct
Caatttctac
tggtcggggt
tagatgttaa
atttcacaaa

atgtatctta

gcggcetgaag

gtcctcaaaa

agtcgcectgtce

Cttctactaa

atcaggaggg

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2653

60

120

180

240

300

336
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<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223 >

<400> SEQUENCE:

caagtaaacc
caagtaaacc
caagtaaacc
caagtaaacc
CCCLCcCcLtttL
ctagctttaa
ctccttaggyg
CLtctactaa
at

<210>
<21l>
<212>
<213>
<220>
<223>
<400>
aaataatttc
gtgtagatag
tgactcaggc
tagcggctga
atgtcctcaa
ccagtcgctg
<210>
<211l>
<212>
<213>
<220>
<223>
<400>
aaataatttc
gtgtagatag
tgactcaggc
CCLLCCctttt
ctagctttaa

acatgtggtc

acctgtactyg

acctggtgayg

acC

SEQUENCE :

SEQUENCE :

OTHER INFORMATION:

119©

cctaccaact

cctaccaact

cctaccaact

cctaccaact

cctgagaaaa

dddaddaadadad

aaataatttc

gtgtagatca

SEQ ID NO 120
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

348
DNA

120

tactaagtgt

atgagatggt

tacaagtaaa

agcaagtaaa

aacaagtaaa

tccaagtaaa

SEQ ID NO 121
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

482
DNA

121

tactaagtgt

atgagatggt

taaaataatt

cctgagaaaa

ddddaddaadad

ggggtagcgg

gtggatgtcc

gattccagtc

ggtcggggtt

ggtcggggtt

ggtcggggtt

ggtcggggtt

caaccttttyg

gcaaaaaaat

tactaagtgt

ggagggtgac

agataaaagt

gacagataaa

cccecctaccaa

cccecctaccaa

ccecctaccaa

ccecctaccaa

agataaaagt

gacagataaa

tctactaagt

caaccttttyg

gcaaaacaag

ctgaagcaag

tcaaaacaag

gctgtccaag

Synthetic construct

tgaaacatgt

tgaaacctgt

tgaaacctygyg

tgaaacgatt

ttttcetcagg

aatttctact

agatagatga

tcaggctaaa

Synthetic construct

gccactcctt

ataatttcta

ctggtcgggy

ctggtcgggy

ctggtcgggyg

ctggtcgggyg

Synthetic construct

gccactcctt

ataatttcta

gtagatgatt

ttttctecagg

Caaaccccta

taaaccccta

taaaccccta

taaaccccta

44

-continued

ggtcggggta

actggtggat

tgaggattcc

cgtcagtagg

CCCCgCctttt

aagtgtagat

gatggtgaca

ataatttcta

agggaaataa

ctaagtgtag

tttgaaacat

tttgaaacct

tttgaaacct

tttgaaac

agggaaataa

ctaagtgtag

cgtcagtagyg

CCCCgCctttt

ccaactggtc

ccaactggtc

ccaactggtc

ccaactggtce

gcggctgaag
gtcctcaaaa
agtcgetgtce
gttgtaaagyg
tggcctttece
aaaagtgcca

gataaaataa

ctaagtgtag

CLtctactaa

atcaggaggyg

gtggtcgggy

gtactggtgg

ggtgaggatt

CCtctactaa

atcaggaggyg

gttgtaaagyg

tggcctttece

ggggtttgaa

ggggtttgaa

ggggtttgaa

ggggtttgaa

60

120

180

240

300

360

420

480

482

60

120

180

240

300

348

60

120

180

240

300

360

420

480

482
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-continued

<210> SEQ ID NO 122

<211l> LENGTH: 348

<212> TYPE: DHNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 122

caagtaaacc cctaccaact ggtcggggtt tgaaacatgt ggtcecggggta gcecggctgaag 60

aaataatttc tactaagtgt agataaaagt gccactcctt agggcaagta aacccctacce 120

aactggtcgg ggtttgaaac ctgtactggt ggatgtcctc aaaaaaataa tttctactaa 180

gtgtagatag atgagatggt gacagataca agtaaacccce taccaactgg tcggggtttg 240

aaacctggtg aggattccag tcgctgtcaa ataatttcta ctaagtgtag atcaggaggg 300

tgactcaggc tacaagtaaa cccctaccaa ctggtcegggg tttgaaac 348

What 1s claimed 1s:

1. An engineered multiplex Cluster Regularly Interspaced
Short Palindromic Repeat (CRISPR) array comprising more
than one CRISPR RNA (crRNA), wherein each of the more
than one crRINAs comprises a repeat sequence and a spacer,
wherein the spacer 1s configured to hybridize to a specific
target nucleic acid of a plurality of target nucleic acids, and
wherein the repeat sequence 1n each of the more than one
crRNAs 1s preceded by a separator sequence.

2. The engineered multiplex CRISPR array of claim 1,
wherein at least a portion of the more than one crRNAs
comprise a Casl2a repeat sequence.

3. The engineered multiplex CRISPR array of claim 2,
wherein the engineered multiplex CRISPR array 1s capable
of upregulating the expression of the plurality of target
nucleic acids simultaneously.

4. The engineered multiplex CRISPR array of claim 1,
wherein at least a portion of the more than one crRNAs
comprise a Casl3 repeat sequence.

5. The engineered multiplex CRISPR array of claim 4,
wherein the engineered multiplex CRISPR array 1s capable
of downregulating the expression of the plurality of target
nucleic acids simultaneously.

6. The engineered multiplex CRISPR array of claim 1,
wherein at least a portion of the more than one crRNAs
comprise a Casl2a repeat sequence and at least a portion of
the more than one crRNAs comprise a Casl3 repeat
sequence.

7. The engineered multiplex CRISPR array of claim 6,
wherein the engineered multiplex CRISPR array 1s capable
of upregulating and downregulating the expression of the
plurality of target nucleic acids simultaneously.

8. The engineered multiplex CRISPR array of any one of
the preceding claims, wherein the plurality of target nucleic
acids comprises at least 4 different target nucleic acids.

9. The engineered multiplex CRISPR array of any one of
the preceding claims, wherein the Casl3 protein comprises
a Cas13d protein and a Cas13b protein.

10. The engineered multiplex CRISPR array of any one of
the preceding claims, wherein the average length of the
crRNA 1s about 30 to about 70 nucleotides.

11. The engineered multiplex CRISPR array of any one of
the preceding claims, wherein the average length of the
crRNA 1s about 50 nucleotides.

12. The engineered multiplex CRISPR array of any one of
the preceding claims, wherein the separator sequence com-
prises an Al-rich sequence, and wherein the separator
sequence 1s about 3 to about 8 nucleotides 1n length.

13. The engineered multiplex CRISPR array of any one of

the preceding claims, wherein the plurality of target nucleic
acids are RNAs.

14. The engineered multiplex CRISPR array of any one of

the preceding claims, wherein the plurality of target nucleic
acids are double-stranded DNAs (dsDNAs).

15. A nucleic acid encoding the engineered multiplex
CRISPR array of any one of the preceding claims.

16. A vector comprising the nucleic acid of claim 15.
17. The vector of claim 16, further comprising a promoter.

18. The vector of claim 16 or 17, wherein the promoter
comprises a polymerase II promoter.

19. The vector of any one of claims 16-18, wherein the
polymerase II promoter comprises a CAG promoter, an
avPGK promoter, an EF1a promoter, and a SFFV promoter.

[

20. The vector of any one of claims 16-19, further
comprising a reporter gene.

21. The vector of any one of claims 16-20, wherein the
reporter gene comprises BFP, GFP, and mCherry.

22. The vector of any one of claims 16-21, wherein the
vector comprises a lentiviral vector, Adeno-associated viral
vector, and piggyBac vector.

23. A method of making a collection of engineered
multiplex CRISPR arrays, comprising;:

providing more than one crRNAs, wherein each of the
more than one crRNAs comprises a 5' oligonucleotide
overhang and a 3' oligonucleotide overhang configured
to hybridize to each other; wherein each of the more
than one crRNAs comprises a repeat sequence and a
spacer, wherein the spacer 1s configured to hybridize to
a specific target nucleic acid of a plurality of target
nucleic acids, and wherein the repeat sequence 1n each
of the more than one crRNAs 1s preceded by a separator
sequence; and

randomly hybnidizing the more than one crRNAs to
generate the collection of the engineered multiplex
CRISPR arrays.
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24. The method of claim 23, wherein the repeat sequences
in the more than one crRNAs comprise Casl2a repeat
sequence, a Casl3 repeat sequence, or both Casl2a and
Casl3 repeat sequences.

25. The method of claim 23 or 24, wherein the Casl13
repeat sequence comprises a Casl3d repeat sequence and a
Cas13b repeat sequence.

26. The method of any one of claims 23-25, wherein the
collection of the engineered multiplex CRISPR arrays 1is
capable of upregulating and downregulating the expression
of the plurality of target nucleic acids simultaneously.

27. The method of any one of claims 23-26, wherein the
plurality of target nucleic acids comprises at least 4 diflerent
target nucleic acids.

28. The method of any one of claims 23-27, wherein the
average length of the crRNA i1s about 30 to about 70
nucleotides.

29. The method of any one of claims 23-28, wherein the
average length of the crRNA 1s about 50 nucleotides.

30. The method of any one of claims 23-29, wherein the
spacer comprises an A or an T at the 3' end.

31. The method of any one of claims 23-30, wherein the
separator sequence comprises an Al-rich linker sequence.

32. The method of any one of claims 23-31, wherein the
separator sequence 1s about 3 to about 8 nucleotides 1n
length.

33. The method of any one of claims 23-32, further
comprising identifying the collection of engineered multi-
plex CRISPR arrays having a desired length.

34. The method of any one of claims 23-33, further
comprising inserting the collection of the engineered mul-
tiplex CRISPR arrays into a vector.

35. The method of any one of claims 23-34, wherein the
vector comprises a eukaryotic expression vector.

36. The method of any one of claims 23-35, further
comprising delivering the collection of the engineered mul-
tiplex CRISPR arrays into host cells.

37. The method of any one of claims 23-36, wherein the
host cells express the more than one Cas proteins.

Apr. 4, 2024

38. The method of any one of claims 23-37, further
comprising screening for the collection of engineered mul-
tiplex CRISPR arrays with a desired phenotype.

39. The method of any one of claims 23-38, wherein the
screening comprises 1solating the host cells exhibiting the
desired phenotype.

40. The method of any one of claims 23-39, wherein the
screening further comprises sequencing the engineered mul-
tiplex CRISPR array expressed by the isolated host cells.

41. The method of any one of claims 23-40, wherein the
desired phenotype comprises controlled stem cell differen-
tiation, controlled killing of tumor cells, and enhanced cell
proliferation, increased T-cell activity level, and modified
metabolic activity.

42. A method for simultaneous upregulation of multiple
endogenous genes, comprising contacting a host cell with
the engineered multiplex CRISPR array of any one of claims
1-14, wherein the more than one crRINAs comprise Casl2a
repeat sequences and spacers configured to hybridize to a
plurality of target nucleic acids.

43. A method for simultaneous downregulation of mul-
tiple endogenous genes, comprising contacting a host cell
with the engineered multiplex CRISPR array of any one of
claims 1-14, wherein the more than one crRNAs comprise
Cas13 repeat sequences and spacers configured to hybridize
to a plurality of target nucleic acids.

44. A method for simultaneous upregulation and down-
regulation of multiple endogenous genes, comprising con-
tacting a host cell with the engineered multiplex CRISPR
array ol any one of claims 1-14, wherein the more than one
crRNAs comprise both Casl2a and Casl3 repeat sequences
and spacers configured to hybridize to a plurality of target
nucleic acids.

45. The method of any one of claims 42-44, wherein the
host cell expresses Cas12a proteins, Casl3 proteins, or both
Casl2a proteins and Casl3 proteins.

¥ ¥ H ¥ H
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